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FLOOD FLOW CHARACTERISTICS 


The characteristics flood flow that may have either general special 
application and therefore must considered any preliminary studies for 
protecting given locality are briefly stated, not way defining probable 
flood limits for individual cases, but indicating methods deduction that 
must followed. 

The available data that seemed reliable and valuable have been listed and 
platted give visual representation the range discharge per square 
mile for maximum recorded floods. Where possible, the portion the maximum 
flow which represents the average annual maximum flood each stream, has 
been indicated. 

method attack explained which problems several Central and 
Western Districts have been solved satisfactorily, both prevention floods 
and protection property. 

addition, there has been assembled convenient form for reference 
variety representative basic and auxiliary data that are best portrayed 
diagrammatically. 

The important public service which the Engineering Profession owes 
society analyzing each local situation and inaugurating even restrict- 
ing improvements the future safety the community may demand, 
especially emphasized. 


engineer endeavoring design and safe bridges similar 
structures confronted with maze factors influencing the 
formulas and tables data, hundreds examples that serve warnings, 
and thousands that appear satisfactory. Where records concerning the stream 
flow are lacking, must rely study the water-shed and channel, the 
alluvial bars and embankments, the drift lodged along canyon walls and 
crevices, and the indefinite memories observers. general, will unable 
reconcile the data thus and then remains the question assigning 
proper weights the various fragments evidence. 

Following such deductions, important Western railroad company located 
nearly 100 miles line along valley floor, safely above the reach the 
maximum assumed floods, only experience its destruction within few 

discussion this paper will closed with the April, 1925, Proceedings. 


When finally closed, the paper, with discussion full, will published Transactions. 
Associate Highway Bridge Engr., Bureau Public Roads, Santa Fé, Mex. 
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years. was rebuilt higher line that would safe against three four 
times the maximum flow originally assumed. Similarly, various highway 
structures which Federal aid was sought, had provided only one-half one- 
fifth the proper capacity and during the torrential floods 1923 some water- 
ways that had been regarded adequate proved able carry only small 
fraction the maximum flow. 

Proper design depends knowledge (1) the possible maximum flood; 
(2) the probable duration and frequency its destructive stages; (3) the 
average yearly peak; and (4) the damage that will likely accrue from channel 
overflow; the fourth factor function the first the second, the 
importance wisely forecasting the probable flood crests warrants patient 
labor and investigation. 


Floods result from intensive rainfall; (b) prolonged storms that produce 
combination swollen tributaries; (c) rapid melting snow such accom- 
panies warm rains; (d) sudden release impounded water. Even the last 
named may operate without human agency, as, for instance, when ice dam 
breaks, when landslide forms temporary impounding dam, cut 
through after the main stream has gathered greater volume and power. Too 
often floods are traceable errors judgment, perhaps the demand for 
economy, the cases restricted spillways, reduced free-board for dams 
the non-overflow type, and infringement the river channel permanent 
improvements. 


STAGES 


The highest flood stage stream ceases destructive when the 
endangered elements are either placed beyond its scope protected from the 
violence the current. The beneficent habits the Nile would undoubtedly 
have been known “destructive floods” the ancients had established their 
homes and perishable property the area subject inundation, they had 
arbitrarily encroached with levees the required effective channel, 
occasionally the high flood stage had occurred harvest time instead during 
the planting season. Thus, the elements unpreparedness and helplessness 
victims overpowered relentless force, distinguish calamity from awe- 
inspiring display latent power proper control. 

Within the past decade communities, after suffering property losses 
several million dollars, have expended similarly large amounts for positive 
insurance against recurrence. Just such calamities seem essential 
occasionally crystallize public opinion preventing channel encroachments 
that menace property and human lives. most regrettable that unscourged 
communities, exposed the same peril, exhibit hesitant attitude toward 
investigations based new advances the science flood protection. 


INTENSITY AND Run-Orr 


in. rainfall runs off uniformly hour, then each acre will yield 
sec-ft., each square mile will yield 640 sec-ft. the shape and slopes 
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the drainage basin, the lengths the various tributaries, and the direction 
movement the storm unite favor the worst combination, then the 
yield some point might multiple this rate. most cases, due 
absorption, percolation, and detention, the percentage that runs off low 
neutralize this cumulative effect synchronous crests junction points; 
yet there are apparently authentic records yields from small areas mounting 
1000 even 4000 sec-ft. per sq. mile, continuing such stages for only 
few minutes, but meanwhile causing incredible damage. 

precipitous localities, especially those denuded timber, undergrowth, 
the first storms that fall after period drought seem yield 
greater percentage run-off than subsequent ones; sudden penetration 
moisture resisted the parched and dusty surface. Perhaps the outer 
inch two soil may saturated and partly eroded, leaving the greater 
depths entirely dry. The undercutting such banks along the gullies adds 
the weight and momentum the moving mass, and even retards percolation 
into the gravel and sand beds along the channel. The first small rivulet, pre- 
ceding the main body like pilot, may lubricate the trough increase 
the natural velocity the rising torrent, and may finally overtaken the 
flood wave. The great resistance rock-strewn channel retards the 
lower parts the moving mass, and the upper volume then flows over and 
descends front the retarded portion rotary motion; thus, the crest, 
laden with logs and drift, comparable huge Juggernaut crushes 
obstructions along its path. The content sediment, fine unctuous clay, 
gravel, stones, and boulders, picked from the stream bed according their 
relative mobilities, serves increase the specific gravity and destructive batter- 
ing power this first wave, and acts like moving dam holding this shifting 
force reserve, and quickly mounting greater heights the progress the 
front line checked momentarily. the barriers hold, the lateral banks 
will overtopped and the divided flood, disarmed its heavy weapons, 
will seek out carve for itself new channels. Examples the effects such 
mountain torrents are shown Figs. The value such occurrences 
warnings communities similarly situated may even exceed the amount 
damage caused only steps are taken either prevent recurrence, 
control, guide, and dissipate the threatening crests. 


Between the combined avalanche and flood flow here described and the 
well ordered habits other rivulets, especially those that have their sources 
largely springs, snow deposits well protected against sudden thaws. 
there exists endless variety conditions. north slope, deep rocky gorge 
that entraps heavy drifts and provides security against direct sunlight, 
features such mountain peaks the windward side, serving 
alike deflect the “chinooks” and the moisture-laden air currents, cooling 
them, and transforming the potential rain into snow, may modify run-off 
habits. result some main tributaries have flood problems limited scope 
—rarely turbid and never departing far from mean flow—whereas others vary 
from dry-channel condition peak exceeding that the main river. 
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Such the Gila River Arizona; its dry-channel stage represents 
between and 400 sec-ft. underflow,* while maximum, its record has 
exceeded the Colorado River floods above the junction Yuma, Ariz. The 
first severe storms the summer 1923 wrought havoc railroad and high- 
way traffic various Western States. When destructive flood crest tore out 
structures up-stream tributaries the Gila and approached the highway 
bridge Fiorence, Ariz., warning alarm was spread; but this flood never 
attained dangerous proportions nor even reached the first flood channel this 
station, the underground storage nearly absorbed it. subsequent flood 
approaching with higher crest was deemed less importance and there- 
fore was unheralded; yet interrupted traffic some the lower crossings, 
because the underground storage space was already filled. 


VARIANTS 


Just mountains lying across the path moisture-laden atmospheric 
currents deflect them upward with consequent chilling and condensation, 
sharp canyon rift mountain range often causes induced upward 
draft through chimney, elevating the warm moist air the valleys 
altitude where the cold temperature results copious rainfall. 

the convection currents moving upward have velocity excess 
about miles per hour, the condensation blown back and much 
like spray from garden hose pointing into violent wind; when the dis- 
tribution uneven some areas near the center disturbance receive double 
portion, while others are deprived their normal supply. notable example 
was the record-breaking rainfall Central Texas, September 11, 1921, 
when 23.98 in. fell hours Taylor, somewhat leeward the storm 
center, while Elgin, only miles southward, and actually nearer the center 
disturbance, recorded only in. The area receiving more than in. was 
nearly elliptical, the major axis extending along the pronounced Balcone 
fault zone for nearly 200 miles, from San Antonio the Brazos River; Elgin 
the midst and 20-in. rainfall areas had its portion, depleted increase 
Taylor’s abundance, doubtless the action here 


Run-Orr 


The variations due the presence absence vegetation; the surface 
texture and condition; the probability sudden thaws, from warm rains, 
intense precipitation frozen ground; the possibility bank and 
flood-channel storage; the direction travel maintained prevailing 
storms; the altitude, temperature, annual rainfall, special topographic 
meteorological features; and the area, shape, and slopes the drain- 
age basin—all these variations must considered given problem. The 
influence the area appeals the writer the logical basis for general 
formula, with the effect the other variants grouped the numerical coef- 
ficient corresponding Kutter’s Chezy’s 


*“The Underground Waters Gila Valley, Arizona”, Water Supply Paper No. 104, 
U..S. Geological Survey, 49. 


Floods Central Texas September, 1921”, Water Supply Paper .No. 488, 
Geological Survey, 
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CANYON DIABLO WITH LITTLE RIVER, ARIZONA, SHOWING 


EFFECTS THE SEPTEMBER, 1923, 


DIABLO, ARIZONA. FLOOD SEPTEMBER, 1923, BEACHED ABOUT THE 
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study diagrams which are platted data for the yield, 
second-feet per square mile drainage area, ordinates against the drain- 
age areas, square miles, abscissas, indicates the relation: 


which and are constants. 
there required, not the yield per square mile, but the total discharge 


from the basin, designated will necessary multiply each member 
Equation (1) that is, 


which one the most convenient forms for practical field use. 

Another easily applied formula results from dividing each member 
Equation (2) the assumed mean velocity attained the section con- 
sidered; the left-hand member will the prescribed area waterway, 
square feet. Assuming velocity ft. per sec., for example, and reducing 
correspondingly C’, there results: 


This fundamental form followed, with slight variations, many 
the widely used and satisfactorily tested formulas for run-off for area 
waterway, with taking values between 1.5 and generally, giving rise 


expressions, such and others much more complicated. 


The bewildering number factors, constants, and variants which have 
been ingeniously devised make the various formulas fit the needs given 
conditions, apparently should capable reduction common denomina- 
tor, speak, means translation without mastering each nomenclature 
becoming adept the use each the various forms. 

devising proper formula for run-off, the Myers type will tentatively 
selected for modification extension, and correlated with the recorded flood 


run-offs, platted Plate VIII. The Myers formula states 


which equals the area the drainage basin, acres, and coeffi- 
cient varying from Transforming the area into square miles: 


A 


imately 100, and assuming the velocity ft. per sec., the resulting equa- 
tion becomes; 
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The resulting graph for (Plate VIII) found lie above all the platted 
points representing flood run-off rates except two, and conform closely with 
the enveloping curve, thus justifying the assumption for maximum. 


Similarly, for the lower limit, the path the point, 100 conforms 
well with the general slope, and lies above only the more than 1000 
platted flood run-off rates. This treatment suggests the idea that the modified 


rate run-off, second-feet, from sq. mile, varying between 100 and 000. 

determine the required cross-sectional area bridge opening, allow- 
able velocity would used and, 


which, the coefficient for the sectional area waterway. 

Another method comparing discharges would according the per- 
centage, the maximum for the corresponding area obtained from the 
modified Myers formula, 000 which percentage readily scaled 
for any point platted, shown Plate VIII; that case the coefficient, 
the previously given equation becomes 000 and 1000 10. 
Thus, the Colorado River below the Gila junction Yuma would rate 5%; 
the Nile would expressed 4%; the Amazon, 50%; the Mississippi 
Cairo, 21%; the Ohio Paducah, Ky., the Gila both Yuma and 
Florence, Ariz., 10%; the Salt River, prior its control storage reservoir, 
the mouth and at. Roosevelt, Ariz., 27%; Salado Creek, Texas, 117%, the 
highest rate platted; the Miami, Dayton, Ohio, 50%; Otay, Lower Otay Dam 
(causing failure), Calif., per cent. 

There may other formulas just capable extension and modifica- 
tion cover the entire field, but will difficult find one more readily 
applicable, and agreeing with the platted run-offs more consistently than the 
modified Myers formula. Fig. graphically illustrated the relationship 
between the best-known expressions for run-off. 

some first approximation run-off for given district may 
obtained the use data from Plate VIII, from Table (Appendix I), 
which the same information statistical form. opportunity affords, 
further computations may based all the usual factors, representing ex- 
pected rainfall intensities and duration, percolation, evaporation, detention, 
storage, slopes, forestation, tillage, elevation, shape drainage basins, 
the time elements, geological formations, and other tangible influences. 


Among the considerations too often neglected, and variable and elusive 
have escaped notice standard formulas, are the following. 

problems for small drainage areas may 
essentially the same various districts, even under widely dissimilar climatic 
conditions. recognized that extreme rainfall and run-off rates for the 
arid and the humid regions the United States, and, fact, for nearly all 
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known regions, are nearly identical, then there common basis for 
Whether desert regions the coastal plains, however, the resulting run- 
off varies, being increased violence steep slopes and confluent crests 
from denuded areas, reduced detension, evaporation, percolation, and 
under-flow. 

Vital differences exist regards the frequency, duration, and extent 
such violent storms, thus justifying the classification the resulting floods 
“frequent” “occasional” for one district, while they are regarded 
rare occurrence for another. The latter case encourages the appropriation 
and partial occupation the channel for productive purposes. 

Maxima Expected.—The time element, useful connection 
with flood frequencies, too often basis error. The popular notion 
place the probable occurrence the 100-year maximum flow number 
years hence, and, similarly, with the 20-year expected maximum. 
these likely during this year next any other two years 
the designated periods. This fact well illustrated Table showing the 
time intervals great floods. 


Notable 


Stream. Location. 


Minimum. 


Jones 
Los Angeles 
Seine France... 


Mississippi §.... Cairo, 


Engineering News-Record, April 20, 1922, 654. 
Engineering News, July 1914, 95. 
Engineering Record, February 26, 1910, 240. 


“Hydrologic Record, Mississippi River Floods”, Chisolm, Captain, Corps 
Engrs., A., Am. Soc. E., Engineering January 18, 1923, 112. 


Safety—On most American streams the records are alto- 
gether too meager establish fair approximation the maximum flood 
basis fact for the theory storm cycles, the platted curve representing the 
magnitude expected floods would doubtless show harmonic variation, with 
nodes and slight inclinations well steep slopes. the period observa- 
tion includes only one the phases, there probability large error. 
Therein the most potent argument for physical examination the water- 
shed, channel, and modifying influences existing provided. 

example, the City Pueblo, Colo., and the Denver and Rio Grande 
Railroad Company previous 1921 had made ample provision against 
mum recorded, expected floods, based the average annual crests, the 
possibility local storms the cloud-burst type affecting small tributaries 
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concurrently; but the demonstrations June, 1921, placed this problem 
another category. that time (Fig. 7), there was sustained violent storm 
over area excess 1000 sq. miles for least hours. 

While making provision for increased channel capacity Pueblo, engineers 
were astonished find that the flood might have been nearly double severity 
had the storm center been located few miles farther westward. For this and 
other reasons, was recommended that the old channel with capacity 
000 sec-ft. (fully five times the average yearly maximum for the preceding 
years) replaced one including wide spillway, the combined capacity 
175 000 The actual observed peak was 105 000 sec-ft. 


RAINFALL INTENSITY AND RUNOFF 
ARKANSAS RIVER, PUEBLO, COLO. 
Mall Storm swept Drainage Area, 1740 Sq. Mi. 


Various Reports, and Estimates, 


June June June June 


2 


Rainfall in In, per hour 


another instance the spillway the Lower Otay Dam, near San Diego, 
Calif., was overtaxed January, 1916, the run-off being eight ten times 
the quantity for which was designed according the known habits the 
water-shed that time. Such calamities emphasize the need for larger factors 
safety take care these supposedly remote happenings. 

4.—Flood Height vs. protective works are established 
contemplated without storage the flood height more important than the 
actual discharge passing the station. well established that given stage 
rising flood silt-laden stream represents greater flow than the same 
height during recession. Fig. are graphically shown some the reasons 
for this phenomenon. has been claimed for the Colorado River channel 
Yuma, that for each foot rise the gauge scours equal depth from 
the bottom. Evidently after the peak has passed another cycle begins, the 
velocity being retarded, the silt burden depositing, the gradient and the hydrau- 
radius decreasing, thereby causing further retardation and deflection 
currents laterally quest new material transport. Although the 
tendency during the rising phase scour the channel bottom and induce 
central flow, the receding torrent inclined toward lateral excursions. This 
often accounts for the fact that the main damage alluvial farms occurs after 
the main crest has passed and the patrols have slackened their vigilance. 

remains open question whether the tragedies too frequently recorded 
passenger trains plunging from trestles into swollen streams are due 
derailment inadequate inspection the substructure. How the track 
walker inspector viewing the rising flood surface only ft. ft. higher 
than the normal stream surface, know that the channel may have scoured 
several feet deeper, possibly undermining the piers piling? 

While Sir William Willcocks was tour through America after his 
success the Assuan Dam the Nile, stated that the 15-ft. gauge 
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height rising Tigris flood represents 180 000 sec-ft. discharge; the 20-ft. 
stage the peak represents only 120 000 sec-ft., and the 15-ft. stage during 


VARIATIONS WATER SURFACE AND STREAM BED 
DUE RISING RECEDING FLOODS 
Ideal Section for Silt Laden Streams 


Advancing Flood Crest 


Crest Reduced Slope due to Receding Stage Water Surface 


LLY SA 
Erosion due to 
Increased Velocity 


creased Depth due to Erosion Sediments Velocity 
LONGITUDINAL SECTION 


Stage Compared with Twenty-four Hour Average.—The 
importance determining maximum flood rates instead addition 
the average for hours, well illustrated the Pueblo flood (June 1921), 
where the 24-hour rate was only 110% the full channel capacity, while the 
maximum flow, lasting less than hour but accountable for the main loss 
and damage, was more than twice great. 

dealing with small areas must borne mind that the maximum 
flood crest—sometimes coincident with the initial wave—and the return 
normal flow may occur within few hours. For this reason the collected data 
for Table (Appendix I), and Plate VIII, deal with maximum rates wherever 
available. 

6.—The Wooded Channel.—The regulating influence great storage dams, 
such those built the Reclamation Service and enterprising irriga- 
tion districts, extends beyond the limits usually assigned. When they begin 
function, the improvement farms near the stream, where the alluvial soil 
generally the most productive and the same time most mellow and exposed 
lateral erosion, increases the hazard flood damage maximum stage 
should recur. Even the reservoir full the spillway floor such time 
effective, acting detention and regulating basin; and has been 
conceded some projects that the ft. storage depth above the spill- 
way crest important the entire capacity below that level. Additional 
depredations surely would have been made the Colorado River the 
Imperial Valley, California, had not the Roosevelt Dam been regulating the 
Salt River, the Gila’s main tributary, when the Gila experienced record flood 
January, 1916, far exceeding any known discharge the Colorado above 
Yuma. 

If, however, storm and flood period protracted, the increased flow over 
the spillway the necessity for the operation emergency outlets save the 
main structure, may overcome the natural equalizing effect and transmit the 
destructive flood stage the lower river. that case would discovered 


Engineering Record, June 27, 1914, 723. 
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that the channel capacity has decreased compared with the years when unre- 
strained floods limited the growth vegetation. The islands and bars formerly 
denuded would have such well established covering quick-growing trees 
resist and retard the maximum flood—perhaps even collecting driftwood 
barriers—foreing the water seek higher levels. Carefully conducted gaug- 
typical channels have established the fact that for wooded course 
Kutter’s increases nearly double that obtaining for cleared areas. 
Design Limits and Flood that the eco- 
nomics design would not justify doubling the expense prevent interrup- 
tion bridge traffic two three times century, still remains for the Engi- 
neering Profession define just where the excess flow shall accommodated. 


The Bureau Roads anticipates conditions the following 
specification 


“Waterway.—The waterway shall adequate for the passage ordinary 
flood water and drift velocity not exceeding the average velocity the 
stream the vicinity the bridge and shall adequate for the passage 
extreme flood water unless other provisions are made for same. ordinary 
flood water meant the stage that likely once ten years.” 

the numerous intermittent flood channels that are service 
only few hours days each year, the Bureau and several States have adopted 
standard dips spillways, consisting undulations the highway grade with 
suitable cut-off walls prevent erosion undermining. Comparative unit 
costs waterway area provided various types drainage structures, indi- 
cate the great economy the dip spillway. Although conceded that 
this form construction has its limitations, especially connection with 
railroads and large drainage channels, believed that there broad 
for its use providing for the maximum flood stages that are beyond the 
range other structures. 

Definite Function moment flood overtaxes its 
definite channel the beginning either minor episode great tragedy. 
the rising surface confined inadequate artificial embankments until 
relief secured only the formation crevasses, then the benefit sought 
the levee system more than nullified the destructive velocity 
impounded flood suddenly released. would far better allow the gradual 
overflow and less violent inundation the adjacent lands; perhaps the enrich- 
ment the soil due quiet sedimentation would far toward 
repairing the loss and inconvenience, only the land owner has planned his’ 
crops and plantings, his permanent improvements, and his pastures for live- 
stock insure their safety the minimum damage from such ex- 
pected overflow. 

Sir William already quoted, evidently gave his own views what 
should done control the Mississippi River more’ effectively, when 
the best practice the ancients. was altogether appreciative 
the wonderfully effective work the Corps Engineers, Army, and 


Engineering News-Record, October 12, 1922, 599. 


Superstructures, General Clauses, Standard Specifications, Bureau Public 
Roads, revised July, 1921. 
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the civilian personnel, and reiterated the idea that occasional relief through 
crevasses inevitable unless some form multiple spillway along one bank 
both shall begin function automatically whenever the flood stage passes 
the limit for which ample provision has been made. 

The alarm following the moderate but protracted floods 1922 that 
passed the Arkansas Junction and registered the greatest flow ever recorded 
Carrollton, La., really commendation for effective construction and 
maintenance great levee system, and gives point the argument Sir 
William Willcocks for spillways, regulated overflow channels, and 
valley storage. Examinations the actual projects the Mississippi will 
disclose that all the foregoing features are contemplated some degree; but 
where stage higher than ft. continues for days, occurred even 
Cairo during that year, the use farm lands for storage almost amounts 
their abandonment. 

Applying the principles herein enumerated projects under civilian con- 
trol, would seem like measure safety compute the profile 
assumed estimated flood crest, which should some multiple the present 
channel capacity, many cases double treble. the resulting lateral flow 
would overtax structures under highways, railroad embankments, other 
barriers, the question would determine the possibility their sudden 
failure, and the changes required provide safe discharge with 
minimum damage. 

When destructive floods occur other times than during the planting 
growing season and consist sharp crests carrying much sediment, there are 
strong arguments for not only allowing but insuring the action wooded 
channel spillways, thus providing against scouring velocities. The recurrent 
quiet sedimentation the overflowed lands would add fertility and cause them 
rise least proportionately with the river delta. 


result floods during recent decades and especially during 1923, 
re-appraisal the attendant dangers should made for many the river 
channels. 

After flood the stricken community confronted with the problem 
abandoning the inundated area whole part, insuring against 
future damage. This latter solution may accomplished either positive 
control—that is, regulation maximum crests—or adequate protective 
works. Conditions may favor (1) regulation detention basins, ordinary 
those purposely located favor outflow through underground 
channels; (2) diffusion the water spreading over detrital cones, 
gravel bars, coarse sandy areas replenish underground storage; (8) estab- 
lishing timber cribs other barriers overfall dams break the continuous 
gradient, check rolling initial wave and temporarily arrest the heaviest 
burden; (4) planting willow and timber copses entrap sediment; (5) 
diffusing the surplus spilling into pasture woodlands. All these 
methods are based retardation. The case may demand the widening, recti- 
fication, and clearing the channel promote accelerated flow, may 
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warrant combination the two general methods—truly, wide field for 
investigation. The number possible solutions such problems forms 
maze through which the proper path difficult discover, requiring the best 


talent and the most mature judgment that experience, and special training, can 
develop. 


Neep ror Uniriep 


complex and interlocked are the community interests served the 
control streams that there opportunity for the rough and ready, 
independent, private initiative which pioneers had develop order sur- 
vive. According present paternalistic policies, seems imperative that this 
control become a.State municipal function for small streams, even 
now administered under Federal jurisdiction for navigable rivers. 

The shortcomings the present methods are forcibly illustrated case 
that during 1923. When torrential flood had started ravel the 
protective rip-rap and eat into city property, mass meeting was called, 
which thé State Engineering Department, represented advisory capacity, 
recommended the anchoring newly cut trees, with branches intact, cur- 
rent deflectors and retards, and the placing brush and rock revetment among 
hurriedly driven piles and stakes. earlier days this very plan would have 
been carried out and reported before the hour for mass meet- 
ings; but the present case the time each citizen had extolled his indi- 
vidual plan, the majority sentiment seemed favor the use rock because 
its durable character. This disregard sound engineering advice for 
wasteful emergency measures, resulted the continued progress erosion, 
with the loss all the new rip-rap, several city lots and comfortable homes, 
appeal the Government for relief, and the acceptance plan furnished 
competent specialist requiring timber pile jetty with brush and rock- 
filling cover the scar and prevent further incision. 


FOR SERVICE 


The possibilities the present situation must appeal all members 
the profession who are experienced and competent flood protection, that is, 
the privilege contributing community welfare determining whether 
great hazards exist and what special protective measures are required. 
thereby local officials are awakened the reasonable needs, and relief pro- 
jects are initiated, one step toward safety will have been accomplished; the 
danger zone floods will known and provision will made for emer- 
gency. even small percentage the annual disasters should averted, 
the loss and damage reduced wise preparation, the cost and labor involved 
such studies will fully justified. 


this paper, the writer does not assume solve any particular problem, 
but merely lists certain data and considerations that are often left unrelated 
neglected entirely. purpose will accomplished only when the essential 
suggestions herein recorded, brought forth during the discussion, have 
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resulted definite campaign determine flood dangers and the advisable 
measures for control. The most positive step yet taken seems the studies 
involving the expected run-off for California streams made the State Engi- 
neering Department.* 

acknowledgments have been made wherever practicable the 
paper. addition, the writer has obtained invaluable information from the 
published writings the many eminent hydraulic engineers the United 
States, most them members this Society. 

Special appreciation due those who have generously assisted and 
encouraged this work, notably Government engineers and officials, State, 
municipal, and college officers, engineers private practice, and associates. 


Reference No. 70, Table (Appendix I). 


| 
7 
q 
7 
7 
7 
7 
7 
7 
q 


visable 


studies 
Engi- 


the 
the 
United 


and 
State, 


Reservoir No. Hawaii. 
Branch, Bridgeville, Pa............. 
Arroyo, near Pueblo, Colo........... 


(Head-waters), Lake, Utah... 
Creek. Cherryvale, Kans...... 

Branch, East Prospect, Pa.... 
Grande, near Culebra, Panama....... 

Run, Grindstone, Pa........ 
Pedro Creek, San Antonio, Tex......... 
Creek, Branch, 
25|Provo, Washington Lake, Utah.......... 

near Monterey, Mexico....... 
Canyon, San Diego, Calif.......... 
U.S. Geological Survey Gauge, 


APPENDIX 


FLOOD FLOW CHARACTERISTICS 


Run-Orr From Various Basins ARRANGED AREA. 


River tributary and location. 


Wailua, South Fork, Oahu, Hawaii........ 
Beacon Creek. near Fishkill, 
Run, Long Level, 
Hollow, North Braddock, Pa.... 
5|Mann’s Run, Creswell Station, Pa......... 
6|Manoa, West Branch, Oahu, Hawaii....... 
East Branch, Oahu, 
Wash, near Hurricane, Utah........ 
Sylvan Glen Creek. New Hartford, Y... 


Venison Branch, near Mulga, 
Canyon, near Centerville, Utah.... 
Creek, near Dearfield, Y........ 
Upper Dame, Hawaii........ 
Brook, Sherbourne, 
Gulch, Boise, 
Run, Buliskin Tp., Pa.......... 
Creek, Jeanette, 
Creek, Mannsville, Y........... 
Ribbon Creek, Pueblo, Colo........... 
Creek, East Fork, New Carlisle, Pa. 
Creek, Farmington, Utah.... 
Gap, Colorado Springs, Colo... 
Arroyo, near Pueblo, Colo........ 
Branch, Ensley, 
Arroyo, near Pueblo, Colo......... 
Run, 
Creek, California.......... 
Jefferson Highlands, N.H........ 


OFF, SECOND-FEET 
PER SQUARE MILE. 


Expected 
peaks. 


Maximum and 


Frequent. 


Main authority, 
Location.* 


see Appendix 


Rare. 


600 


ry 


Locations given last column Table are abbreviated, follows: Northeastern 


United States, Southeastern, Southwestern, Northwestern, N.W.; Mississippi 
Valley, M.V.; Rocky Mountains, R.M.; Great Basin, G.B.; Alaska, A.; Canada, 
Mexico, M.; Panama, P.; and foreign, 


Hawaii, H.; 


Drainage 
square 
i 
date. 
»Jan., 1916)......| 7 
q 


FLOOD FLOW CHARACTERISTICS 


TABLE 2.—(Continued). 


River tributary and 


Mill Brook, near Sherbourne, Y........ 
Creek, Baker, Nev 
Creek, Harrisburg, 
Creek, East Fork, New Carlisle, Pa. 
Creek, near Julian, Calif......... 
Creek, Goodyear Bar, Calif....... 
Brook, Boston, 
above Reservoir, Holyoke, Mass... 
River, Holyoke, 
Creek, Oakland Pa....... 
Creek, near Pueblo, Colo........ 
Creek near Mouth, 
River, Westfield, Mass.............. 
Creek, 
Central, below Forks, Alaska....... 
Creek, near Ellisville, Miss......... 
Arroyo, near Pueblo, Colo.......... 


des Perca,Clayton Road, St. Louis, Mo. 


Creek, Millgreen, 
Arroyo Seco, near Pasadena, Calif 
Williamstown, Williamstown, Y........ 
Creek, San Antonio, Tex........... 
78|Waiawa Waste, Oahu, Hawaii............ 
Creek, Augusta, 
Devil’s Creek, 
Bowman Dam, Calif 
Creek, Salt Lake City, Utah.......... 
Creek, near Pueblo, Colo......... 
Creek, San Antonio, Tex 
Creek, near Philadelphia, Pa....... 
86|Chase Creek Gila River, Arizona 
87| Willow Creek, near Heppner, Ore......... 
Creek, Altmar, Y.......... 
below South Branch, N.H.......... 
Creek, Salt Lake City, Utah 
Hollow Creek, Pueblo, Colo....... 
Creek, near Philadelphia, Pa........ 
Creek, Bakersville, N.C........ 
Creek, San Jose, Calif 
Creek, near Pueblo, Colo............ 
Run, Decorah, 
Gulch, near Pueblo, Colo.......... 
Brook Centerville, Y............. 
Wailua, near Lihue, Kanai, 
des Perca, near St. Louis, 
Creek, San Antonio, Tex.......... 
North Fork, Pinkbed, 
Creek, near Pueblo, Colo. 
Bridgeport, Conn ........... 
107| Middle Creek, Bozeman, Mont............. 
Creek, Augusta, Mont............. 
Creek, San Antonio, Tex............ 
Creek, near Pueblo, 


Drainage 
area, 
miles. 


SECOND-FEET 


PER SQUARE MILE. 


Expected 
Observed. 


Feb., 


June, 


June, 


June, 


Aug., 
May, 1901 


June, 


Aug., 
Sept., 
June, 
Sept., 
June, 


Maximum daily flow. 


Main authority, 
see Appendix II. 


Location.* 


1564 
| 
259 
217 
619 
410 
192 
843 
560 
167 
720 
256 
948 
158 
948 
582 
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Papers. 


TABLE 2.—(Continued). 


SECOND-FEET 
PER MILE. 


Drainage Observed Expected 
River tributary and location. area, peaks. 
square 
Maximum and 
date. 


see 
Location.* 


Frequent. 


— 


Creek, above Dayton, Ohio........ 
Grass Creek, Louisville, Ky.......... 
Creek, above Dayton, Ohio....... 
Cottonwood, Salt Lake City, Utah.. 
Creek, near Fresno, 
Lake, Fall River, Mass......... 
Creek, Salt Lake City, Utah.. 
American Fork, above Power Plant, Utah. 
Creek, Globe, 
120|Arroyo Secco, near Pasadena, Calif... 
Creek, near Truckee, Calif... 
Creek, near Bonsall, Calif..... 
Huntsville, 
Creek, near Red Bluff, Calif. 
Antonio, San Antonio, Tex..... 
Creek, near Pueblo, Colo... 
near Mouth, Y.......... 
129 ppany River, ippany, J,... 
Creek, above Dayton, Ohio.... 
Roland, Maryland.............. 
Johnstown, 
South Fork, Sitton, 
Creek, near Pueblo, Colo.... 
Pablo Creek, Berkeley, Calif. 
Johns Creek, near Stockton, Calif. 
Creek, Donedrold, Y............ 
Westfield Little, Blandford, Mass 
Gun Powder, Bel Air, Md.. 
River, Descano. Calif 
Creek, Keystone, Va. 
Creek, Hurley, Mex. 
San Leandro Creek, Oakland, Cal 
Six Mile Creek, Ithaca, Y... 
San Pedro Creek, below Apache Creek, 
Wallowa, Joseph, Ore... 
Dog River, Northfield, 
West Canada Creek, Mott’s Dam, 
Dry Creek, near Fresno, Calif... .... 
Pine Creek, Paris, 
Prosser Creek, Hobart Calif. 
Darby Creek, near Philadelphia, 
Turkey Creek, near Pueblo, Colo.. 
Big Cottonwood, Salt Lake City, Utah.... 
Branch(Johnstown flood),Pa.. 
Creek, Salt Lake City, Utah....... 
Sangquoit Creek, New York Mills, Y... 
Kosh Creek, near Henderson, Calif....... 
Creek, North Fork,Ono, Calif. 
Lost Creek, above Dayton, Ohio........... 
Guadalupe River, California... 
Rockaway, Dover, 
Ysabel Creek, Mesa Grande, Calif.. 
Creek, above Dayton, Ohio 
Yakima, Martin, Wash............. 
Santa Maria Creek, Ramona, Calif. 
Oneida Creek, Kenwood, Y.... 
Rock Creek, near Pueblo, Colo....... 
Wildcat Creek Group, Stockton, Calif..... 


May, 

Aug., 

May, 


June, 1901 
Aug,, 


Sept., 


May, 1920 
1848 
June, 
May, 


Mar., 


Main authorit 
see Appendix 


Location.* 


1565 
No. 
440 
691 
564 
185 
580 
188 
895 
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TABLE 2.—(Continued). 


Run-OFF, SECOND-FEET 
PER 


Drainage Observed. Expected 


River tributary, and location. area, peaks. 
square 


inches. 


Main authority, 


see Appendix II. 


Maximum and 
date. 


Frequent. 


Creek, San Bernardino, Calif 
Rhode 
Macopin, 
Creek, near Philadelphia. Pa...... 
Angeles, near Los Angeles, Calif...... 
near Easton, Wash........ 
Niles, Wash 
Creek, Philadelp 
Creek, near Pueblo, Colo....... 
Creek, above Dayton, Ohio....... 
American Fork, American Fork, Utah.... 
Jacinto, Hemet Reservoir, Calif... 
Creek Group, near Merced, Calif.. 
Daulton Creek Group, California.......... 
West Fork, Woodfords, Calif..... 
Creek, near Pueblo, Colo............ 
Creek, Allendale, Y..... 
Jamul Creek, near Otay, 
191|Bear Creek, near Madera, Calif.... 
Creek Group, Madera, Calif... 
Reservoir Outlet, Laramie, Wyo. 
Butte Creek, Butte Valley, Calif.......... 
Brushy Creek, Round Rock, Tex.......... 
Creek, Foster, Calif.... 
Creek Group, San Jose, Calif..... 
Creek Group, Sonoma, Calif 
Farmington, Mass............... 
Pequannock, Pompton, J............... 
River, 
204|Dry Creek, near Auburn, Calif............. 
205| Bear Creek, near Cape Mendocino, 
Creek Group, Claremont, Calif. 
Creek, near Sansalito, Calif.... 
Mateo Creek California 
Gamepa Outlet, Salmon, Alaska.... 
Nashua River, Massachusetts 
Antonio, below San Pedro Creek, 
Creek, near Pueblo. Colo............. 
Willow Creek, near Augusta, Mont 
Hot Springs, 
216| Putah Creek, near Guenoc, Calif 
Boulder, Bruffeys. Mont........ 
Fork Creek, Brookville Pa.... 
Creek, Cabasas, Calif..... 
Creek Group, near Tulare, Calif.. 
Lower Otay Dam, Calif.............. 
Creek Group, California......... 


SER OWN 


Mar., 


1916 


1916 


‘ FY 


July, 1912 


Stony Creek, near Ladaga, Calif.... 


Maximum daily flow. 


No. 
51 
259 
124 
70 27 69 | 


TABLE 2.—(Continued). 


SECOND-FEET 
PER SQUARE 


Drainage Expected 
Creek, near Merced, Calif....... 
Jacinto River, near San Jacinto, Calif. 
Onondago Creek, Syracuse, Y......... 
Red Bank Creek Group, near Tulare, Calif. 
Whiterocks, Whiterocks, Utah............ G.B 
Deer Creek, near Red Bluff, Calif......... 
Sandy Creek, North Branch, Adams, N.E 
Lewiston Reservoir. Outlet, Ohio. ....... M.V. 
River, near Dehesa, Calif.... SW. 
245|Ohanapecosh, near Lewis, Wash.......... N.W. 
North Branch, Conn......... 
Buffalo, Wyo............ R.M. 
250 Valley Group, near Los Angeles, 


Gatos Creek, near Hanford, Calif..... 
Creek, Moorena, Calif........ 
Creek, Springville, Utah.......... 
254 Creek Group, near Redwood, 

Creek Group,near 
Creek Group, near Suisun, Calif... 
Boonton, 
Boulder, Colo............ 
Ysabel Creek, near San Diego, Calif. 
Hill Creek, Confluence, Pa......... 
Laurel, 
Canyon, near Ariz..... 
River, near Knowles, Calif........ 
Creek 
Ravensdale, 


Union River (West Branch), 
Neshaminy Creek, below Forks, Pa....... 
Devil’s Creek, near Viele, 600+ June, 
Oriskany Creek, Oriskany, Y.......... 
Turtle Creek, East Pittsburgh, Pa........ 
Musconetcong, Bloomsburg, Y.... 
Salado Creek, Salado, Tex.......... 
Salmon Creek, Malott, Wash 
Perkiomen Creek, Frederick, Pa... 
Bolinas Greek Group, Bolinas Bay, 
Soquee, Demorest, 
Mora River, below Mora, Mex.......... 
Gunpowder Falls, Glencoe, Ind.... 
Ramapo, Pompton, J......... 
Truckee, Starr, 
Angeles River. Tributary, Calif...... 
Creek, East Branch, Taberg, Y... 


Maximum daily flow. 
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TABLE 2.—(Continued). 


SECOND-FEET 
PER MILE. 


Drainage Observed. Expected 
River tributary, and location. 


see Appendix 


Main authorit 


Maximum and 
date. 


Frequent. 


River, Madrone, Calif.............. Mar., 1911 
Ana River Tributaries, Mentone. 

Creek, Tulare, S.W. 
New Berlin, Y..... N.E. 
Elum Roslyn, Wash..... N.W. 
Yuez, Santa Barbara, Calif.. S.W. 
Diego River, San Diego, Calif...... S.W. 
315|Cantua Creek, Hanford, Calif......... S.W. 
Luis Rey River, Mesa Grande. 


Vrains Creek, Lyone, Colo............. 


Maximum daily flow. 


Creek, North Branch, Kimmey- 


£ 


4 
1568 
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River tributary and location. 


Butte Creek Group, Oroville, Calif........ 
Susan, Susanville, 
East Canada Creek, Dolgeville, 


Salmon, Pulaski, 


Notteley, Ranger, 
Creek. Jenifer, Ala........... 
Paisley, 
River, Ukiah, Calif...... 


Crooked Creek, 


Mora, Weber, 


East Fork, Stateline, Nev......... 


Esopus, Kingston, 


Ogden, 
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TABLE 2.—(Continued). 


SECOND-FEET 
PER SQUARE MILE. 


Drainage 
area, 

square 


Observed. 


Main 
see Appendix II. 


Maximum and 
date. 


Frequent. 


N.E. 
Bear River, Van Trent, Calif.............. S.W. 
Mattole, Cape Mendocino, N.W. 
Tule, Portersville, 
S.E. 
N.W. 
Redwood Creek, Eureka, Calif............ 
Goose Lake, Goose Lake, Calif............ G.B. 
St. Regis, Regis, R.M. 
ileman’s Farm, Pa...... 
San Gabriel, Tributary, 
Sutter Creek Group, Lodi, Calif........... 
Brokenstraw Creek, Youngsville, Pa...... 
Antietam Creek, Sharpsburg, Ind......... N.E. 
Dieguito, Bernardo. Calif.......... 1916 S.W. 
Big Thompson Creek, Loveland, Colo...... 
Walker, Fork, Coleville. Calif.......... G.B. 
Rapid Creek, Rapid, M.V. 
Carson, East Fork, G.B. 
Creek Group, Santa Cruz, Calif.... 
San Luis Rey, near Pala, Calif............. 
San Jacinto Tributary, Calif.............. 
Zion Creek, near Springdale, Utah.... 
Silver Creek, near Lebanon, 
Canyon Diablo, Arch Bridge, Ariz......... R.M, 
Carrabassett, North Anson, Me............ 
Great Westfield, 
Westfield, 
Battle Creek, Red Bluff, Calif.............. 
West Canada Creek, Hinckley, Y....... 
Ocoee, McCays, Copperhill, Tenn.......... 
San Diego River, Santee, Calif............. Jan., 1916 


Maximum daily flow. 


1569 
Expected 
37 
87 
37 
3] 
| 34 
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TABLE 2.—(Continued). 


No. River tributary and location. 


Creek, Mt. Marion, Y........... 
Group, Cedarville, Calif.. 
Fork, ardnerville, Nev..... 
Roanoke, 
Fremont, Idaho.......... 
Jenny Lind, Calif...... 
Willow Creek Group, Colusa, 
below Victorville, Calif. 
Blacklick Creek, Blacklick, 
West Walker River, 
North Branch, Piedmont, 
East Walker River, 
East Fork, Rodenbohs, Nev....... 
Creek Group, Hamilton, 
Creek. New York......... 
Creek, near Pueblo, 
440 Sangammon, South Fork, Taylorsville, 
Gabriel River, Georgeton, Tex.. 

Woods 
River, Round Valley, 
446| Appalachie, Ga................. 
Missiquoi, below Richford, 
Bishops Creek Group, Owens Valley, Calif. 
Whiteface, below Minn..... 
Stateline, 
Confluence, 
Creek, Nebraska, Pa.............. 
Mary, near Cardston. Canada.. 

Pine, below Pine River, Reservoir, Minn.. 
460 Meadows Group, Owens Valley. 
462|Mad River, Arcata, Calif............ 
Whitneyville, Me............. 


Drainage 
area, 
square 

miles. 


Maximum daily flow. 


SECOND-FEET 
PER SQUARE MILE. 


Expected 
Observed. 
Maximum and 
date. 
& 


June, 1907 


July, 1912 
Mar., 1907 


142 


Main 
see Appendix II. 


Location.* 


412 
420 
445 
445 
446 
447 
448 
452 
453 
456 
457 
460 
465 
467 
471 
482 
485 
487 
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TABLE 2.—(Continued). 


SECOND-FEET 
PER SQUARE MILE. 


=| nage Observed xXpecte az 
Maximum and 
date. 
above Coquitlam Dam, British 
G.B. DIA... C 
N.E. Tahoe Basin, California... 
NE. 474|Yadkin, North Wilkesboro, 
G.B. 475|Cache Creek, Lower Lake, Calif.......... 
North Branch, Haley, Dak.... 
South Fork, Wyo.. R.M. 
R.M. Deerfield, Shelburne Falls, N.E. 
North Fork, Prattville, Calif.... 
S.W. 3. W. 
G.B. 
489|Cache Poudre, Nort 
N.E, R.M 
Diablo, Leupp, Ariz....... 
NE. Creek, Occoquan, Va... 
Uncompahgre, Montrose, Colo.. RM. 
San Luis Rey, Oceanside, Calif.... 
NE. Sacramento, above Pitt River, California. 
Poso Creek Group, Tulare, Calif.... 
N.E. Stony Creek, Fruto, Calif......... 
Farmington, Conn...... NE. 
Sun, North Fork, Augusta, Mont.......... 
N.E. Fort Pierce, Wash, Boundary 
Hoosick, Johnsonviile, Y..... 
R.M. Pennigewasset, Plymouth, NE. 
G.B. Gualala Santa Rosa, Cal 
Smith River, N.W. California..... 
G.B. Des Plaines, Riverside, Ill...... 
Mokelumne, near Clements, Calif 
Plattsburg, Y........ NE. 
M.V. Alameda Creek, Sunol Glenn, Cali 
Madison, Me............ 
Creek, Winters, Calif.. 
near Frederick, Md. 
Ronde, Hilgard, Ore.... 
Milwaukee. Milwaukee, Wis......... 
NE. Geyserville, Calif................ 


530| Little Tennessee, Jackson, 


Maximum daily flow. 


4 
1 5 v4 1 
| | 
a 
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SECOND-FEET, 
PER SQUARE MILE. 


Drainage Obs Expected 
No. River tributary, and location. area, peaks. 
miles, 


Main 
see Appendix II. 


a 
Maximum and 
date. 


Creek, near Pueblo, 750 88.0 June, 
North Fork, Glasgow, Va.......... 831 44.8,. 
Pitch, Gunnison, Utah................ 886 10.6 Mar., 1915) 


Maximum daily flow. 


Location.* 


4 
4 
| 
. 
} 
4 
| 
| 
> 
; E. 


FLOOD FLOW CHARACTERISTICS 


ers. 
TABLE 2.—(Continued). 
SECOND-FEET 
Drai 
Observed. 
No. River tributary, and location. area, 
square 
591|Mahoning, Youngstown, Ohio............. M.V. 
near St. Anthony, Idaho........... 
593|Mill Creek Group. near Red Bluff, Calif.. 
Bank Creek, Cut Bank, Mont......... R.M. 
Winooski, Richmond, 29.8 N.E. 
Flat Rock, 000 2.8, M.V. 
LV. Luis Obispe Group, Monterey, Calif.. 
Gaylordsville, Conn.......... 020 1.0, 
605|Shenandoah, North Fork, Riverton, Va... 
North Fork, Ora, Idaho............ 040 5.2, R.M. 
+609|Merced, near Merced Falls, Calif.... 054 
Poudre, Fort Collins, Colo....... 060 R.M. 
East Branch, Grindstone, Me.. 070 28.9 N.E. 
Greeneville, Tenn............ 100 29.4 
Naches, North Yakima, Wash....... 120 19.6 N.W. 
Mossy Rock, Wash............... 43.5 N.W. 
Roquette, Massena Springs, Y.......... 9.4 
Chattahoochee, Norcross, Ga....... 25.8 
Pea, Pera, Ala 10.7 S.E. 
Cache Creek, Yolo, 195 17.4 
Umatilla, Yoakum, Ore 200 20.0 N.W. 
Yuba, near Smartsville, Calif........ 200 92.5 
Wenatchee, Dryden, 200 20.1, N.W. 
Deschutes West Ranch. Lava, Ore....... 240 3.2, N.W. 
Thunder Bay, Alpena, 5.8 M.V. 
Wapsipinicon, Stone 310 6.6 M.V. 
Chagres. near Gatun, Panama............. 820 
Youghiogheny, Connellsville, Pa..... 320 N.E. 
Tygart Felterman, Va......... 26.4 M.V. 
Orestimba Creek Group, Merced, Calif... 340 
Tejon Creek Group, near Hanford, 341 
Grande Ronde, Elgin, N.W. 


Maximum daily flow, 


Rite 
| 
=i 


FLOOD FLOW CHARACTERISTICS 


TABLE 2.—(Continued). 


PER SQUARE MILE. 


Observed. 


area, 
No. River tributary and location. square 


miles, 


see Appendix 
Location.* 


Main authorit 


and 


Jackson, 
Grande, Del Norte, Calif........ 
New 
Croix, Woodland, 


Mich.. 
Cody, Wyo... 
French, 
662| Mattawamkeag, Mattawamkeag, Me...... 
Honey Lake Group, California............ 
Yista, 
Resaca, Ga....... 
Yakima, Umtanum, 
Grange, Calif............... 
Grantsdale, Mont... ... 
Oakdale, 
Forks, 
Scioto, Columbus, Ohio ... 
South Fork, Front Royal, Va. 
Ogdensburg, Y........... 
Branch, Mobile, Ga........... 
Joaquin, Friant, 
Maria, Santa Maria, Calif........... 
Allegheny, Red House, 
681| Weiser, Weiser, 
685| Yampa, Craig, Colo............. 
Arkansas Tributaries, Pueblo, 
River, State Point, Calif.............. 
Avonmore, Pa............... 
Umpqua, South Fork, Brockway, Ore..... 
Rome, 
Logan, 
West Branch Millinocket, Me.. 
Black Warrior, Cordova, 
near Folsom, Calif.............. 
Fairmont, 
North Fork, Big Bend, Calif...... 
Rogue River, Tolo, 
Elmira, 
Valley Wash, near Moapa, Nev... 
Creek, Fourteen Mile House, Alaska. 
Palouse, Hooper, 
Francisco Bay, Drainage Basins, Calif. 
Aroostook, Fort Fairfield, 
Horse Shoe Bend, 
Hiwassee, Charleston, Tenn............... 


e+e -e -@ 
. 


WNW NH 


~ 


Maximum daily flow, 


Papers. 
Expected 
400 
400 
1 
1 
1 640 
670 
694 
700 
710 
730 
740 
740 
742 
750 
800 
800 
805 
812 
880 
900 
900 
920 
940 


ers. 


Location.* 


. 


FLOOD FLOW CHARACTERISTICS 
TABLE 2.—(Continued). 
SECOND-FEET 
PER SQUARE MILE. 
No. River tributary, and location. square 
miles. 
Maximum and 
date. 
Fort Worth, 300 20.0 Apr., 1922 
New Braunfels, Tex......... 400 23.6 1921 |M.V. 
721|Menominee, near [ron Mountain, Mich.... 415 
723|Miami, Dayton, Ohio.............. 450 106. Mar., 1918 
Fork, Fromberg, Mont............. 500 4.3, |R.M. 
Union Gap, near Yakima, Wash. 300 1904 


Maximum daily flow. 


Sag 
ie 
| 
| 
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TABLE 2.—(Continued). 


River tributary, and location. 


Saline, 
Clarksville, 
Wing, near Mouth, Minn............. 
Yellowstone, Livingstone, Mont........... 
Oroville, 
Ball, Stevenson, Dak........... 
Neosho, Iola, 
Clarksville, 
Platte, South Fork, Denver, Colo... 
Milstead, 
Joseph, Buchanan, Mich................ 
Gunnison, 
River. Spokane, Wash............ 
Tributaries, Salinas, Calif......... 
Lowell, 
White, near Interior, 
Dublin, 
798|Malheur, Vale, 
Waterville, 
Columbus, Miss....... 
797| Wateree, Camdem, 
Mechanicsville, 
Williamsport, Pa.... 
Mississippi, above Sandy River, Minn...... 
Glenwood Springs, Colo. 
Lawrence, 
Pueblo, Colo., before 
Pueblo, Colo., 
805| Broad, Alston, 
806| Yadkin, Norwood, 
808|Clearwater, Kamiah, Idaho................ 
Grand Rapids, Mich............ 
near Cuero. 
Fort Kent, 
River, Leon Junction, Tex.......... 
816 Chippewa Falls, Wis 
Lake, Crookston, Minn............. 
Ydalpom, 
Lock No. Pa........ 
South Lyon, Idaho.... 
Yakima, Kiona, 
Leamington, 
Williamsport, Pa............ 
River, Roosevelt, 
Missouri, Medora, Dak... 
Croix, St. Croix Falis, 
Elkhorn, Arlington, 
Collinston, 
Verde, McDowell, 


Maximum daily flow. 


COC COCO COCO 


SECOND-FEET 
PER SQUARE MILE. 


Observed. 


Maximum and 
date. 


June, 1921 
901 


Sept., 


Main authority, 
see Appendix 
Location.* 


Frequent. 


. 


. 


Drainage Expected 
square 


FLOOD FLOW CHARACTERISTICS 
TABLE 2.—(Continued). 
SECOND-FEET 
Drainage Observed Expected 
P=] 
miles. 
and 
Rapid Croche Dam, Wis 200 2.5, 
Cedar Rapids, Iowa....... 320 8.3, M.V. 
West Enfield, Me... 600 14.1, 
841/Chippewa, Eau Claire, Wis........... 9.0, 
843/Solomon, Miles, 815 1.6, 
(Branch Mobile), Riverside, Ala... 060 S.E. 
River, Green River Wyo. 450 
Augusta, Ga......... 500 40.0, S.E. 
Sunderland, Mass. 700 N.E. 
Day, McDonald, Ore...... 800 2.9, 
Thermopolis. Wyo.. 184 2.1, 
859/St. John, Van Buren, Me..... 270 16.2, 
Old Gaston, N.C......... 350 82.90, 
861/Colorado, (Grand), Palisade, Colo.. 546 4.9 
+869| Allegheny, Kittanning, Pa.. 010 26.66, 
Deschutes, Biggs. Ore ....... 180 
near Manhattan, Kans.. 490 9.18, 
River, Logan, Mex 11,29, 
880/North Platte, Pathfinder, Wyo. 1.0, R.M. 
Huntley, Mont.. 4.08 R.M. 
Mississippi, Sank Rapids, Mich. 4.1, M.V. 
Peoria, Ill.............. 5.94, M.V. 
Columbus, Nebr............ 5.17, M.V. 
Keosaugua, 7.0 M.V 


Maximum daily flow. 


Me 
4 
be 


FLOOD FLOW CHARACTERISTICS 


TABLE 2.—(Continued). 


SECOND FEET 


PER SQUARE MILE. 
Drainage Expected 


below Gila Junction, Yuma, Ariz.| 225 000 1.05, Jan., 


Maximum daily flow. 
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FLOOD FLOW CHARACTERISTICS 


TABLE 2.—(Continued). 


FOREIGN RIVERS. 


SECOND-FEET 
PER SQUARE MILE. 


Drainage Expected 
area, Observed. peaks. 
square 
miles. 


No. River tributary, and location. 


Main authority, 
see Appendix II. 
Location.* 


Moselle, Epinal, France 

Krishna, 

Kiewa, 
Rhone, St. Maurice, Switzerland 
Mitta, Tallaugatta, Australia..... 

Rhine, Lake Constance, 
Ovens, Waugaretta, 
Brisbane, Australia.......... 
Elvrum, Norway........... 
Murchison, 
Baden, 
Paris, France 

Forbes, Australia....... 

River, China.......... 

Pontelagoscuro, 
Vienna, Austria............. 
River, China........ 

India....... 

River, China........ 

India.......... 

Yang-tze-kiang, China.......... 

Assuan, 
Obidos. Brazil... 


co 


— 


— 


addition the 978 maximum recorded expected flood rates from Table 
Plate VIII includes other points follows: 

From Reference No. 98, published subsequently the completion Table there are 
twenty-five flood rates designated (+) for Montana Streams, and not listed. 

From the discussion the late Emil Kuichling, Am. Soc. E., the paper entitled, 
“Flood Weston Fuller, Am, Soc. (Reference 69), there are platted 
fifty flood rates designated (F) for European streams not otherwise listed. 

several instances, points with different designations were found coincide, requiring 
either slight displacement the omission one more. 

No. 70, Bulletin No. Resources includes several 
streams for which records are incomplete, but the expected maximum flood rates have been 
carefully these platted points are distinguished from those regularly listed. 

Initials (Table 2), characters (Plate VIII), designate each country section have 
been selected with regard their suggestive value, 


te 
date. 
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(88) Engineering News-Record, Vol. 90, 1923, 891. 
(89) Engineering News-Record, Vol. 90, 1923, 112, Record 
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(66) Geological Survey, Water Supply Paper No. 426, “Southern 
California Floods January, 1916”. 


(67) Geological Survey, Water Supply Paper No. 488, “The Floods 


Central Texas, September, 1921”. 


(68) Geological Survey, Water Supply Paper No. 487, “Arkansas 


River Flood June 3-5, 1921, Pueblo, Colo.”. 


(69) Transactions, Am. Soc. E., Vol. (1914), 564, “Flood 


(70) Bulletin No. “Water Resources ‘alifornia; Report the Legis- 


lature 1923 State Department”. 


(71) Transactions, Am. E., Vo}. LXXXVII (1924), 185, 


“The Design Earth Dams”, Joel Justin, Am. Soc. 


(72) American Civil Engineers’ Handbook, 1920 Edition, 1170 seq., 


Mansfield Merriman, Am. Soc. 


(73) Engineering News-Record, Vol. 88, 1922, 771. 

(75) Engineering Record, Vol. 74, 1916, 346. 

Engineering News-Record, Vol. 89, 1922, 921. 

Transactions, Am. Soc. E., Vol. (1922), 1534 


“Flood Problems: Symposium”; Data Canadian Rivers 
Challies and Breithaupt, Members, Am. Soc. 


(80) Transactions, Am. Soc. E., Vol. LXXXV (1922), 


“Flood Problems: Symposium”. 


(81) Engineering News, Vol. 74, 1915, 742. 

(82) Bulletin, American Railway Engineering Association, August, 1915. 
(83) Water Supply Commission Pennsylvania. 

(84) Record, Vol. 53, 1906, 170. 

(85) Transactions, Am. Soc. E., Vol. (1914), Discus- 


(86) Engineering News-Record, Vol. 89, 1922, 345. 
(87) Tenth Biennial Report (Hydrography), State Engineer Utah, 


1916. 


Mississippi River Floods” Chisolm, Jr., Am. 
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(90) “Relief from Floods”, Alvord and Burdick. 

(91) Am. Soc. E., Vol. LXXXV (1922), 1528, Dis- 

(92) Transactions, Am. Soc. E., Vol. LXXXV (1922), 1405, Dis- 
cussion “Flood Problems” John Freeman, Past-Presi- 

(93) Engineering News, Vol. 62, 1909, 315, “The Recent Floods 

(94) Transactions, Am. Soc. E., Vol. LXXXV (1922), 
various minor references Symposium “Flood Problems”. 

(95) Senate Document 142, Report Davis, Past-President, Am. 
E., Director, Reclamation Service, “Development 
the Imperial Valley”, 67th Congress. 

(96) Britannica, International, al. 

(97) Engineering News-Record, Vol. 83, 1919, 28, “Spillway Capacities” 

(98) Engineering News-Record, Vol. 91, 1923, 1016, “Flood Flows 
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THE DESIGN MULTIPLE-ARCH SYSTEM AND 
PERMISSIBLE SIMPLIFICATIONS 


Discussion* 
Messrs. Harpy Cross anp 


Harpy Cross,t Am. (by letter).t—This paper presents 
somewhat extended form, the so-called “theory the ellipse elasticity” and 
applies the analysis continuous arch system under the attractive title 
“Design and Permissible Simplifications”. 

Paper Treats Design Restricted the writer commonly 
understands the term, “design” the choice form and arrangement parts 
structure, under the limitations that practical considerations impose 
the values and disposition loads and other stress-producing conditions. The 
mathematical determination theoretical stresses commonly calls “analy- 
Thus interpreted, study the design multiple-arch systems would 
least involve (1) the rise ratio the arch; (2) the economic pro- 
portions the piers; (3) the proper span length; (4) the effect the choice 
working stresses liability foundation settlement, probability simul- 
taneous maximum stresses from foundation effects, temperature, shrinkage, 
and live load, and especially the general reliability this type structure; 
and (5) the acceptance rejection “split” loading which the live load 
continuous. 

The the author interprets “design” more 
the sense which the writer uses “analysis”, for states that the aim the 
paper show whether, for practical purposes, possible simplify the 
“strictly theoretical method” design. Further, merely states that the 
arch was first considered having fixed ends, “the design being made accord- 
ingly”, and the analysis then extended include the effect flexible sup- 
ports. About half the paper proper deals with the fixed arch. The author 
further states that the paper restricted consideration effects from 
live load. 

Having proportioned one the multiple arches fixed arch, Mr. Janni 
proceeds draw influence lines for moments the kern points for: 

(a) This arch considered 

(b) This arch considered the middle arch three, the flanking arches 
being fixed their outer ends, the load, however, being the central 
arch only; and 


(c) The hypothetical flanking arches, the load again being the central 


arch only. 


Discussion the paper Janni, Am. Soc. E., continued from November, 
1924, Proceedings. 


Prof. Structural Eng., Univ. Illinois, Urbana, 
Received the Secretary, October 1924. 
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then states that “from the results obtained this is, 
from these influence lines—“the following conclusions seem justified.” 
These conclusions are, apparently, that: 


1.—Professor Guidi’s simplification considering only three arches 
time, and neglecting what lies beyond, interpreted mean con- 
sidering the outer ends the flanking arches fixed-ended; 

2.—That, the arches the series, “no matter how many”, satisfy 
analysis based this assumption and “the conditions loading 
shown this they will safe. 


The author’s phrase “conditions loading shown” very obscure. The 
influence lines Plate III* are described first being for the central arch, 
A,, and, later, being for the side arch, A,. influence line for the crown 
moment drawn for the system shown and then influence line 
for the crown moment drawn for the same system, these lines 
will not alike. Subsequently, the author separately discusses the design for 
the main arch and for the flanking arch; that is, computes different crown 
moments for two identical adjacent spans series—an anomalous condition. 
The numerical not great, but the obfuscation Plate III 
complete. The diagram especially confusing any one who thinks 
influence line deflected load line. Perhaps the lines may clarified 
transposing the parts the diagrams under and considering the whole 
line applying A,, and confining the discussion live load stresses the 
central arch. Presumably the author intends that integration under these 
lines will give maximum kern moments for live load, and thus will solve the 
problem “in manner which, the present state knowledge, represents the 
most complete solution that can 

The writer thinks that Professor Guidi’s assumption, stated the paper, 
does not necessarily involve fixed-endedness for the flanking arches; that, thus 
interpreted, incorrect, and dangerous regards live load stresses the 
arch and, the particular case treated, its face highly improbable; and 
that the acceptance rejection “split-load” conditions vitally affects the 
analysis continuous arches. Furthermore, finds this paper evi- 
dence supporting the assumptions made its author. 

The Ellipse for the material referred to, the paper 
devoted entirely exposition the so-called “theory” the ellipse elas- 
ticity, the material being much the same that presented American engi- 
neers the author several other occasions. That this method has not 
popular with American structural engineers doubtless explained 
part the brevity American college courses analytic geometry—college 
graduates know little about the properties poles, polars, and anti-poles and 
are, perhaps, none the worse for the deficiency. here presented, the method 
appears highly ornamental and somewhat expensive but not especially 
useful tool for structural engineer’s already crowded workshop. Although 
probably historically connected with conceptions the neutral point, elastic 
weights, their statical moments and products inertia, and with the develop- 


Proceedings, Am. E., August, 1924, 763. 


q a 
4 
q 
7 
q 
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ment familiar properties equilibrium polygons and their use determin- 
ing first and second moments, not essential the application these 
conceptions and properties. The use the ellipse solving fixed arch seems 
present advantages; and, the study continuous arches, some- 
what inferior algebraic analysis flexibility. 

The graphical treatment moments and products inertia means 
the ellipse inertia presents some interesting constructions for studying 
elastic distortions, especially continuous girders and arches, just does 
for analyzing stresses unsymmetrical columns. Its pictorial character 
appeals some students, while others consider that its demonstrations require 
the acquisition elaborate paraphernalia for which they ill afford the 
time. The writer feels that the beauty this construction has been some- 
what marred presentation the author’s excursion into discussion the 
properties equilibrium polygons and digressions such the proof the 
reciprocal relations, where the use the ellipse sadly disadvantage 
compared with the direct use the principle virtual work. The writer, 
the way, wonders the author’s use the term “virtual work” Paragraph 
13* and Paragraph 19+ the Appendix, where the work seems very real. 

The author states that the application the ellipse trusses simpler 
than solid rib and that the latter application depends the former. This 
not clear; indeed the discussion trusses this paper seems entirely 
irrelevant. this connection the author states that “in most engineering 
problems not necessary take into consideration the deformations 
the web members system”. the computation deflections, the neglect 
the web will frequently result errors 20% more. all important 
statically indeterminate trusses, except perhaps swing bridges, the final analysis 
should always include the effect the web; for approximate analyses, solu- 
tions elastic weights are, general, not accurate, simple, nor expe- 
ditious the theorems beam analysis. The omission the effect the 
web members Mr. Janni was the main point reference the ellipse 
elasticity George Swain, Past-President, Am. Soc. E., cited the 
footnote page 

Algebraic writer has alge- 
braic methods the properties the arch system shown, following nearly 
possible the author’s method reasoning, although does not consider this 
the simplest method attack. 

Consider any arch and pier, shown Fig. 24. desired 
determine the elastic properties the system for forces and moments acting 
These elastic properties will defined as; 

co-ordinates the neutral point, which may defined that 
point which, rigidly attached will suffer rotational displacement due 
acting through it. (This the center the author’s ellipse 
inertia.) 


Proceedings, Am. Soc. E., August, 1924, 781. 
Loc. cit., 783. 
Proceedings, Am. Soc. August, 1924. 
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2.—The elastic weight, the rotation the neutral point due unit 
applied moment. (This the same the author’s weight.) 

3.—The moment inertia about vertical axis through the neutral point, 
the moment inertia about horizontal axis through the neutral point, and 
the product inertia about horizontal and vertical axes through the neutral 
point. These represent, successively, (a) the vertical displacement the 
neutral unit vertical force acting through it; (b) the horizontal 
displacement due unit horizontal and (c) the vertical displacement 
due unit horizontal vice versa. (These correspond radii 
the author’s ellipse.) 


Assume the corresponding properties the arch, and the 
pier, BC, known. Let the total elastic weight equal the moment 
inertia about vertical axis, the moment inertia about horizontal axis, 
and the product inertia about vertical and horizontal axes, sub- 
scripts being used designate whether for the arch (by a), for the pier (by p). 
for the combined system (by s). Otherwise, the nomenclature fully ex- 
plained Fig. 24. 

The three neutral points, for the arch, for the pier, and for the system, 
are connected imaginary inelastic bracket arms and hence constitute 
rigid system. Apply unit horizontal force (Fig. 25(a)). this 
neutral point, there will rotation and, therefore, none 

Vertical displacement a,duetoV 


there rotation the vertical displacements and are the 
same and, 


P 


| 
24. 
the resisting force acts along line making with the horizontal 


angle, tan and equals —*. Also, the horizontal movements 
D 


the two points are the same and, following the system designating displace- 


the arch about this inclined axis and about the horizontal axis), 


Let this new quantity, 
Then, 
statics, 
Hence, 
Again, statics, 


M=1 
= 4 
a 
Also, 
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exactly similar method reasoning: 


Where, 
VA 2 
a 
a a Ja + J, 
a 
Where, 


1587 


Now, apply unit moment (Fig. (b)). This will produce rota- 
tion, W,, but translation. will resisted four couples, 


the three points rotate together, 


M, = Ww. M, = 


statics, 


the resisting couples are proportional the four quantities the right 
the equation. 


These reduction formulas are perfectly general, since always possible 


choose the axes and that they are the principal axes one the 


missible write: 


for 
J. 
p 
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1 1 1 (y’y? 
equivalent neglecting rib-shortening (direct compression) 
Data are presented later show the effect this assumption the case dis- 
cussed the author. 


data for the pier and the fixed-ended arch: 
373.5 

74.6 


Critical Study the Author’s paper gives the following 


1588 
Z 2 
2 2 


588 18.87 
The author gives: 
=15.55 (average 15.50 and 15.60) 
This equivalent pier may now combined with the next arch (see Fig. 
26) disregarding which, obvious from the previous computation, 
negligible effect. 
This 
Fic. 26. 
The centroid and lies: 
15.65 
373.5 15.65 1.27 0.05 ft. below 
These are the values the new arch which combined with the pier, 
follows: 
490 
(490)? 
085 
Study Crown Thrust.—A comparison the two computations 


just made, shows that the series taken five arches instead three, very 


ba, 
a 
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different results obtain. further study will show what effect this will have 
the horizontal thrust the crown the middle arch due unit load this 
point. unit horizontal force (Fig. 27) will produce vertical deflection 
the fixed arch. Also, unit moment will produce vertical deflection 
equal ey, which, the influence ordinate for the moment 
the neutral point the fixed arch. Table 3,* the author gives 2.507. 
The influence ordinate for the moment given as: 


1.980 2.857 
and the distance, scales approximately 1.5 ft. Plate Hence, 
The vertical deflection Point the arch with elastic piers, due unit 
horizontal is, therefore, 


2.418 (Table 


Neutral points 
for remainder 
arch system a 


Neutral point for this arch b 


: Neutral point for combination 


Fic. 27. 


The new influence ordinate for the quotient this value and the 
moment inertia about the horizontal axis through the combination, 


which will called Jo. 
Applying this the combinations found previously, if, 
15.65 


1.27 0.10 


Table the author gives 1.009. 


Proceeding, Am. Soc. E., August, 1924, 761. 
Loo. cit., 757. 
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If, however, series five arches taken: 
16.28 


2.22 0.18 


= 2 a 2 


The writer has extended this investigation, including, successively, three, 
five, seven, nine, arches the series (the ends the series being fixed), 
and has determined the effect the influence ordinate for the center 
the middle arch. The data are given Table 


THE NuMBER ARCHES THE 


INFLUENCE ORDINATE FOR THRUST 


centage. 
15.65 588 1.27 0.99 1.009 
16.28 085 2.22 0.697 1.009 
16.65 489 2.92 0.560 1.009 
17.00 815 3.57 0.517 1.009 
17.25 022 8.99 0.465 1,009 120 
17.38 4.27 0.450 1.009 124 


evident that the properties the remainder the series arches 
each side are represented convergent series which, the case selected 
the author, converge slowly. This due the extremely slender piers used 
the example chosen. the extreme case piers offering only vertical 
resistance (horizontal resistance, nil), the value J,, which measures the 
horizontal movement one end series arches due horizontal loading 
directly’ proportional the number arches the series. The author, 
however, assumes that, cases approaching this, the horizontal movement 
independent the number arches the series. 

The Author’s Structure not example taken the 
author seems unfortunate that the arches are flat and the piers offer 
little resistance horizontal movement that the case approaches that con- 
tinuous girder, far the stresses the arch are concerned. summing 
the influence ordinates, contained the paper, for load, uniformly 
distributed over the middle arch: The crown thrust for arch piers 
Taking the scaled distance, 1.5 ft. from the crown the 


4 
OOO 
q 
4 
7 
q 
| 
3 


1592 DISCUSSION DESIGN MULTIPLE-ARCH SYSTEM 


neutral point, the moment the crown, due the thrust (if piers) 
0.653 0.979 Taking live load 150 lb. per sq. ft. 
150 lb. per ft. width), the reduction crown moment for 1-ft. 
strip arch ring (assuming barrel arch) equals: 


The temperature moment due change 50° equals: 


50° 0.000006 ft. 500 000 144 
630 

fixing against horizontal movement the ends these arches, the loss 
temperature stresses about much the gain—even the author’s assump- 
tions—in live load stresses. Any economy would the dead load stresses; 
erect such series were many spans length without sacrificing this 
economy increasing the size pier provide for unbalanced erection 
thrusts would present difficult problem. Only strong considera- 
tions would apparently justify building this series shown, and even then 
the average structural engineer would probably design the arch con- 
tinuous girder. 

Complete Analysis the writer believes correct 
and practically complete analysis mutiple-arch system quite 
and that the amount labor involved not unreasonable the case 
important structure; the correct and economical design the system another 
matter. The writer heartily concurs the author’s statement that: 


1.5 700 ft-lb. 


“The designer should investigate the behavior multiple-arch system 
every case where the importance the spans, the comparative slenderness 
the piers, and the conditions the foundation are such warrant 
thorough investigation.” 


would like emphasize strongly the last two words. 


engineers are indeed indebted Mr. Janni for presenting English this 
improved method analyzing arch, namely, the ellipse elasticity. 
the best the writer’s knowledge his the method was the 
first published English. 

association with John Leonard, Am. E., the writer has 
been using this method for several years and finds both quick and accurate. 
Some engineers object graphical determination for stresses, claiming 
that is, for this reason, less accurate than analytical one, but the writer 
has found that analytical and graphical computations the usual elastic 
theory will check within per cent. 

interest engineers the greater accuracy this method. 
best, the equations expressing the relations arch ring are 
based several assumptions. the determination the “centers rota- 
tion” segments the arch ring, the number assumptions reduced 


Engr., San Francisco, Calif. 
Received the Secretary, October 21, 1924. 
Journal, West. Soc. Engrs., May, 1913. 
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one and the problem brought one step nearer exact analysis. some 
cases, stresses determined this manner exceed those obtained the gen- 
erally accepted elastic theory percentages that are greatly excess 
those, due the use graphics. The writer has found that some arches, con- 
sidered fixed-ended, show the stresses determined the ellipse analysis 
much 20% greater than the usual elastic theory. 

This variation influenced the ratio rise span length well 
the dimensions the rib itself. the ratio rise span length increases, 
the difference stress decreases; for arch with very low ratio, would 
considerable. 

The inclusion the elastic piers the analysis series arches 
influences the stresses proportion the elasticity the pier. For any 
unbalanced loads the stresses arch series are always greater than 
those determined from the analysis the arch alone. 

Fig. (a) shows the outline and general dimensions structure three 
equal spans for which the stresses have been determined three analyses, 
the results which are given Table 10. 


TABLE 10.—Maximum Compressive Pounps Square 


SINGLE ARCH. THREE-SPAN UNIT WITH 
Author’s method. method. 
point near 750 764 828 


Fig. (b) shows the outline and general dimensions structure 
designed for stream low-lying country. The fact that the distance between 
the roadway level and high-water elevation was limited, made desirable 
proportion the spans such that the side spans were shorter than the central one. 
The ratio rise span length was kept approximately constant for all 
spans. Table are recorded the stresses the central span computed 
the usual elastic method for fixed-ended arch and the author’s method, 
including piers. 


Ordinary elastic method. Author’s method. 
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designer controlled pre-established maximum stresses would 
considerably error for such structure that shown Fig. (b), 
accepted the results the usual fixed-ended rib analysis correct. The 
value for the maximum foundation pressure would too great, the 
adjacent arch takes some the unbalanced thrust and the value for the maxi- 
mum compression the rib would too low. 

From experience with bridges more than three spans the writer can 
concur with Mr. Janni his conclusion that the unit three spans sufficient 
for determining the maximum stresses. The relative pier dimensions those 
structures which have been investigated, have always been much larger than 
those the author’s example due considerations stiffness. Experience 
shows that the difference stress computed three-span unit versus five- 
span unit would not exceed per cent. 
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WATERWAY AND RAILWAY EQUIVALENTS 


Discussion* 


paragraph the author presents the conclusion that new waterway line 
transportation should not established unless the need for can shown 
and unless, “if established, will produce annual saving the cost 
transportation greater than the interest construction plus maintenance 
and operating costs”. There another element which should sometimes 
considered when the advisability such line transportation being 
studied, and virtue which many project may found advisable, 
despite the fact that cannot, perhaps, for many years the future, produce 
revenue meet full the interest charges against it. This element the 
project’s contribution general prosperity measured terms popula- 
tion, business, and property values. becomes factor because the 
expenditure funds its construction, and the utilization the facilities 
which provides when completed, bring increase population; and 
the extent that the growth population the zone coming under the 
influence the improvement thus accelerated, the same extent will land 
values increase and wealth created, which may fairly weighed against 
the cost the improvement when the advisability thereof under considera- 
tion. Society, other words, may reap material advantage from many 
enterprise that would condemned the stockholder who weighs only the 
cost the service against the prospective revenue. 

is, doubt, this “benefit Society” that has led many large expendi- 
tures the Government, without hope financial return, for navigation and 
other projects which could not have been privately locally financed; and 
this same consideration which the past history the country has prompted 
many the bonuses railroad and other enterprises, cities, counties, 
and States, well the United States. 

illustrative the foregoing proposition the following taken from 
paper entitled “History the.Conversion the River Clyde into Navigable 
Waterway, and the Progress Glasgow Harbour from Its Commencement 
the Present Day”,§ James Deas, Engineer Clyde Navigation, read 
the International Engineering Congress the Columbian Exposition, 1893: 


This discussion (of the paper William Black, Am. Soc. E., published 
August, 1924, Proceedings, and presented the meeting December 10, 1924) 
printed Proceedings, order that the views expressed may brought before the mem- 
bers for further discussion. 


Cons. Engr. (C. Grunsky Co.), San Francisco, Calif. 
Received the Secretary, September 22, 1924. 
Transactions, Am. Soc. E., Vol. XXIX (1893), 129. 
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“These improvements have raised Glasgow within the short period 
years from second-rate inland provincial town, with population 
the second city the Empire, with population 658 073, and the chief 
seaport the west Scotland; increased the value lands the river’s 
sides from Glasgow seaward hundred-fold; created the burghs Govan 
and Patrick; given wealth thousands, and the means life hundreds 
thousands the inhabitants the northern portion Great Britain, and 
emphasized marked degree the local epigram, ‘Glasgow made the Clyde 
and the Clyde made Glasgow.’ 


the same vein, the late Henry Hunter, Am. Soc. E., Chief 
Engineer the Manchester Ship Canal, paper entitled “Artificial Water- 
ways Great Britain”,* presented the International Engineering Congress, 
held St. Louis, Mo., 1904, said: 


“Apart from some such State aid, difficult see how the scheme can 
financed satisfactorily, particularly after the experience the working 
the Manchester Ship Canal, which may truly asserted that such 
working has been and the occasion almost incalculable benefit, both direct 
and indirect, all within the sphere influence the waterway, except 
the shareholders who provided the money for the inception project and 
the construction the greater part the undertaking.” 

The operation the Manchester Ship Canal has indirectly 
affected beneficially the whole the greatest industrial district the face 
the earth; district which the present population does not fall far short 
persons; the more limited area which the City 
Manchester the heart and center, many industries have been saved from 
extinction and.many others from decline and ultimate decay”. 

“Now, not only has decline been arrested, and decay averted, but lines 
new and vigorous growth have shot and are shooting out every side, north, 
south, east, west, there exception; expansion universal; old industries 
have been and new industries the change definite and 
impressive, and has been due solely the effect and influence the. canal.” 


Transactions, Am. Soc. Vol. LIV (F) (1905), 190. 
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THE INTERCONNECTED POWER SYSTEMS 
THE SOUTHEAST 


Discussion* 


Am. Soc. E.—It well known that the low-water 
flow the Tennessee River between Hales Bar and Muscle Shoals varies from 
sec-ft. The Government requires that the low-water flow fixed 
sec-ft. shall maintained whether not power being generated. 
This would mean Hales Bar 39-ft. head the production 800 kw. 
and Muscle Shoals probably 48000 50000 kw. One hears 200000 kw. 
spoken very glibly, and even 1000000 h.p., but these figures not quite 
square with the facts. discussing water-power plant, even includes 
storage the head-waters, well known flow records should not disregarded 
and the flow records the Tennessee River have been kept rather accurately 
for many years. 

Those who have had with the development steam-power plants 
are also greatly interested the building steam plants coal mines. Un- 
fortunately, for every ton coal burned the steam-power station, from 600 
1000 tons water are necessary. Almost invariably this condensing water 
has pumped; there are only one two exceptions the United States. 
the North 600 tons water are required per ton coal, and the South 
would more like 1000 tons. 

better haul coal railroad than pump water any great distance 
attempt use cooling towers they England Germany. Recently, 
the speaker visited station, built rather close proximity the coal mine, 
that has been forced use the sewerage discharge large city for its supply 
condensing water. order cool this discharge they have use towers, 
that the station surrounded forest cooling towers, thirty-seven 
number, ft. wide 100 ft. long. They have rain from the cooling 
towers every afternoon. There are power-station locations the coal mine, 
with river close proximity, ideal location. 

The speaker has followed this subject interconnection for great many 
years. only use where diversity exists. There wonderful inter- 
connected system the City New York, which useless because there 
diversity. The peaks demand come within min. each other. 
Whenever one system wants power, the other system also wants it, and there 
chance for interchange except case breakdown. true they 
interchange power the New York District the extent probably 000 


Discussion the paper Charles Adsit, Am. Soc. E., continued from 
November, 1924, Proceedings. 


Cons. Engr., New York, 
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other cases, there diversity load and diversity water supply, 
that interconnection can great value. This has been exemplified the 
South, the Pittsburgh District, the vicinity New York outside the 
Metropolitan District, the West around Chicago, the slope, 
Italy, Switzerland, and, the speaker understands, France and Germany. 
The interconnection the electrical transmission lines Northern Italy 
use because the diversity the water power, some the rivers obtaining 
water from the melting the Alpine snows, others from rain falling 
the Apennines. 

The interconnecting systems Switzerland are not quite diversified 
they are connected three places Germany the north, two France 
the west, and four Italy the south, but date little power has been trans- 
ferred. The interior connections are particularly useless that respect. 
hoped, however, that the course few years more sources power will 
developed and more diversity will secured. their interconnected 
systems along the Belgian line, and also the south France, French engi- 
neers are attempting tie with the distribution system Paris, and 
those connections secure both diversity load and supply. 

interconnection the Northern United States, not generally 
known that Manlius, Y., and Portsmouth, H., are already connected. 
The Adirondack Company, connection with the Syracuse Company, 
building tie line miles between Manlius and Syracuse. This will enable 
the Company transmit power from Portsmouth Windsor, Ont., Canada. 
Power now being transmitted interchanged from the Adirondack System 
the New England Power System, which includes stretch practically 500 
miles length. 
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SECONDARY STRESSES BRIDGES 


Discussion* 


Ammann,t Am. Soc. (by author deserves 
credit for his painstaking and elaborate For practical pur- 
poses the outstanding merit this paper lies its critical comparison 
various methods secondary stresses. 

Contrary Mr. von Abo the writer does not expect that engineers will 
avail themselves extensively systematic determination secondary stresses 
bridges, nor does believe that, general, such practice would produce 
bridges greater strength and economy than those built with what the author 
calls “the factor ignorance”. 

experienced engineer, course, must familiar with the character 
secondary stresses, but will not trouble himself with their determination 
each ordinary case. For unusual structure will generally know where 
large secondary stresses are expected and confine himself such critical 
determinations. Nor will question extreme refinement for knows 
that many “practical factors” affect the true values and that even the true 
secondary stresses are not all criterion measure for the safety ulti- 
mate carrying capacity bridge. will prefer therefore such methods 


will determine these stresses, where desirable, simple manner 


compatible with fair degree accuracy. 

The writer has calculated the secondary stresses number trusses 
and has invariably used the semi-graphical method Mohr with which was 
most familiar and which appeared him have the advantages simplicity 
and lucidity. 

modification this method which appears possess its advantages 
even greater degree has since been developed Ros and contained 
report the Technical Commission the Swiss Association Structural 
Steel Manufacturers comprehensive investigation secondary stresses. 
brief résumé that report given recent article the writer.§ 

The author mentions only casually the effect gusset-plates the true 
secondary stresses, yet this most, important and, more than anything 
else, suggests the futility extreme accuracy the theoretical determination 
secondary stresses for the purpose design. assumes that the theo- 


This discussion (of the paper Cecil Vivian von Abo, Jun. Am. Soc. E., published 
September, 1924, Proceedings, and presented the meeting November 1924), 


printed Proceedings order that the views expressed may brought before all members 
for further discussion. 


Cons, Engr., New York, 
the Secretary, October 1924. 
Engineering News-Record, October 23, 1924. 
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retical secondary stresses exist sections beyond the end connections. Al- 
though that arbitrary assumption often made, and is, perhaps, 
any other many practical cases, far from correct where gussets are 
rigid and comparatively large. The true state extremely difficult almost 
impracticable determination theory, but from practical observations, 
especially those previously mentioned, appears that the maximum stresses 
beyond the end connections may found approximately multiplying the 
secondary moments the theoretical ends member the ratio the theo- 
retical the actual length the member (between connections) and assuming 
these increased moments applied the points connection with the 
gussets. 

evident that many cases this correction means considerably greater 
secondary stresses. remains open question, however, whether rigid 
gussets, producing large secondary stresses, are not source strength 
rather than weakness. The writer inclined the view that the former 
the case, although feels that this question offers field for further inves- 
tigation. 


Am. Soc. (by letter).t—This valuable paper 
secondary stresses bridges unique, that gives, not only the theory 
various methods pertaining secondary stresses, but likewise their appli- 
cation railway bridge, with the numerical graphical work required 
for complete solutions, the main object being critical comparison the 
methods with view selecting the best them, considering the labor in- 
volved and the accuracy. This task the author has accomplished successfully, 
and the full numerical solutions show the comparative merits, from 
tical point view, the several methods. The author finally concludes, 
that, for the railroad truss, Manderla’s method preferred; the writer 
inclined agree with him, perhaps using check the Mohr semi-graphical 
method. The computations either these methods involve only three 
decimal figures, whereas Miiller-Breslau’s Mohr’s elastic weight methods 
introduce much greater number equations, which thus require many more 
decimal places for accurate solution. 

The writer having used the Gauss method elimination considerably, 
warmly commends it. this method, each derived equation checked 
once, that the computer has the great satisfaction being assured cor- 
rect results every stage the elimination. Professor has 
given complete derivation the required formulas Manderla’s method, 
together with systematic method procedure for their solution, which 
commended. Tentative methods, such those Ritter and Mao, are 
not very attractive when direct solutions that require more labor are avail- 
able. 

connection with the development Mohr’s elastic weight method, the 
author that, after the axes are turned 90°, Equations (69) may 
Received the Secretary, October 16, 1924, 


Johnson, Bryan, and Turneaure, Framed Vol. 
Proceedings, Am. Soc. E., September, 1924, 1001. 
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regarded the negative the sum the moments the y’s about the new 
while the sum the moments the about the new 
Evidently, the y’s are turned vertical position, they can have moments 
about horizontal line (the new and, the ¢’s are turned hori- 
zontal position, they can have moments about vertical line (the new 
(See Fig. 93.) 


From Equations (68) 
The distances (Fig. 93), are unchanged the 


rotation the axes; but the ¢’s are regarded forces acting horizontally 
and the y’s forces acting vertically, then taking counterclockwise moments 
moments y’s about the new v’-axis 
moments ¢’s about the new w’-axis 


Further, the author shows, when du, that the origin the new axes 
can taken anywhere, illustrated the triangles Fig. 55,* where 
correspond the new and the new v’-axis, respectively. Formulas 
such Table 18+ are once derived the formula just stated. The 
author will doubtless clear the ambiguity mentioned. requested 
explain (1) why the co-ordinates, v,, are not drawn parallel the axes, 
respectively, usual, and (2) the signs the co-ordinates. 

This method elastic weights readily adapted the rectangular frame, 
the author illustrates with example. also gives Batho’s interesting 
leading Equations (117), which apply any rectangular frame, 
and thus makes possible solution mere substitution. The author has 
failed note two important papers statically indeterminate frames, one 
Mikishi Abe,§ the other Messrs. Wilson, Richart, and Weiss.§ These 


Proceedings, Am. Soc. E., September, 1924, 1060. 

Loc. cit., 1062. 

Loc. cit., 1104. 

Univ. Illinois Bulletin No. 107,:October 21, 1918, “Analysis Tests Rigidly 
Connected Reinforced Concrete Frames’’, Mikishi Abe; and Univ. of. Illinois Bulletin 


No. 108, November 1918, Statically Indeterminate Structures the Slope- 
Deflection Wilson, Richart, and Camillo Weiss. 
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papers are especially valuable the designer, that they give readily applied 
formulas for numerous statically indeterminate structures. 
conclusion, the writer desires express his appreciation the author’s 
notable contribution, which has evidently involved great labor and which leads 
practical conclusions that will prove material service engineers. 


Aumon Am. Soc. (by letter).t—Although this paper 
may not contain much that new the sense theoretical experimental 
research, valuable contribution the subject secondary stresses. 
The procedure computation and the comparison methods are value 
all structural engineers, especially those, still the majority, who have 
not given personal attention this phase analysis. The emphasis the 
effect lateral and sway-bracing and the general subject stress dis- 
tribution helps greatly producing well rounded investigation. 

The value the paper enhanced references to, and brief comments on, 
the field measurements stresses which were available. Other similar investi- 
gations which the author refers not being available may many and, 
this end, the writer contributes his mite giving some significant data which 
are yet only published part. 

The results for and for 1923§ four-year program stress meas- 
urements bridges have appeared since the paper was written. While the 
object has been primarily investigate impact highway bridges, the study 
stress distribution under static and dynamic loads has naturally followed, and 
although the greater part the work relates floor systems, considerable data 
truss members have been obtained. For instance, the 1923 results for the 
hip vertical the Skunk River Bridge show unit stress 200 per sq. 
in. the inside flanges (the ones which the floor-beams are attached) and 
2400 the outside flanges, under impact about 25% (live load 
stresses with the load motion smooth floor exceed 25% the static 
stresses for the same load). Under high impact (above 100%), the respective 
values are and per sq. in. Corresponding stresses for the hip 
vertical the Rowland Bridge are 500, and per sq. in. 
tendency will noted the Rowland Bridge for smaller proportionate 
range stress under the more severe loading. The bending these mem- 
bers almost entirely planes perpendicular the trusses; there little 
indication secondary stresses due bending the planes the trusses. 

The results some the writer’s strain-gauge readings for secondary 
stresses the Niagara have already been published. They indicate 
the bending horizontal and vertical planes and are averages two 
more readings. The individual readings, not given that paper, indicate 


Prof., Civ. Eng., Iowa State Coll.; Cons. Bridge Engr., Iowa State Highway Comm., 
Ames, Iowa. 


Received the Secretary, October 20, 1924. 


“Preliminary Impact Studies—Skunk River Bridge the Lincoln Highway near 
Ames, Iowa,” Bulletin No. 63, Eng. Experiment Station, Iowa State Coll., Ames, Iowa, and 
Proceedings, Am. Soc. E., March, 1923, Papers and Discussions, 457. 

“Impact Tests Highway Public Roads, September, 1924. 
“Revision the Niagara Railway Arch Charles Evan Fowler, Am. 
Soc. Transactions, Am. Soc. E., Vol. LXXXIII (1919-20), 1936. 
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even greater range stress; they show that for the upper panel point, U,, 
for given static live load, G,, the range the stress the upper chord 
the left from 300 lb. per sq. in. compression 800 lb. tension; the 
upper chord the right, from 100 4800 lb. compression; the vertical, 
200 lb. and the diagonal, from 800 000 ten- 
sion. For the corresponding members the point, U,, for given static live 
load, D,, the values are, respectively, 000 Ib. per sq. in. compression 800 lb. 
tension, 1400 lb. compression, 400 tension 200 Ib. compression 
and 400 200 tension. 

the writer, now press, gives the results strain-gauge 
readings sixteen points each three sections four columns during 
the course erection eighteen-story building. general, the distri- 
bution stress was excellent. There was one exception, however, 
cient range merit attention, although not cause alarm. Just above the 
base one column under load about 700000 the average stress was 
about 10000 Ib. per sq. in. and the range from less than 7000 more than 
14000 Ib. The average the four lowest points one side the column 
was 7400 lb. per sq. in., and the average the four highest corresponding 
points the other side the column was 600 This shows unmis- 
takable bending about axis very nearly parallel two sides and suggests 
something which should known, and which, anticipated, might pre- 
vented. 

yet, none these values has been checked against computed secondary 
stresses, but, regardless what the comparison may be, they show such range 
give encouragement for further investigations from both theoretical and 
experimental standpoints. would seem fortunate field measurements 
could taken the structure for which the author has made such satis- 
factory computations. 


Mao and Miiller-Breslau noted that their fundamental equations are 
similar form. Equation (80)§ applied the angle Figs. 
and 8,|| and the same notation used indicated these diagrams, remem- 
bering that and have the same subscripts, there obtained: 


The first form Equation is: 


which, 


= and M, = 3, 


Stresses Four Steel Columns the Equitable Building, 
Des Moines, Bulletin No. 71, Eng. Experiment Station, Iowa State Coll., Ames, Iowa. 


Engr. with East Penn Elec. Co., Pottsville, Pa. 

Received the Secretary, November 1924. 
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Similarly, 


Making these substitutions, the equation becomes: 


bending moments clockwise direction the latter method are 
regarded positive, and the former negative, these equations are really 
identical. 

The author has called attention the fact that applying the funda- 
mental equations given truss, Mao “assumes two quantities known the 
start, and using these throughout the process, finally arrives two simulta- 
neous equations the solution which determines the two assumed quantities”, 
just described connection with Fig. for Miiller-Breslau’s procedure 
modified Mao assumes the secondary stresses, and f,, the first 
member, 1-2, the truss, instead and for the same member. 


Proceedings, Am. Soc. E., September, 1924, 989. 
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INCREASING THE CAPACITY EXISTING STREETS 


Discussion* 


out that, New York grows upward, additional street capacity must pro- 
vided carry the corresponding increase pedestrian and vehicular traffic. 
His method securing relief based the adoption the principle, 
but carried much further than that proposed the writer and his argument 
its support regarded endorsement the practicability intro- 
ducing without sacrificing the appearance attractiveness the 
arcaded buildings. 

The Chicago improvements, discussed Messrs. Hill and were 
designed meet special conditions and have undoubtedly served their purpose 
well. The means proposed for meeting the traffic congestion problem are based 
mainly decentralization, which basis also urged Mr. Bartholomew.** 
often difficult, however, apply this principle without running counter 
the natural tendency the various kinds business herd together. 
throttle this trend drastic means, would long forward step toward 
traffic relief, but, the other hand, the question might raised how 
far such restriction could without seriously hampering the quick and 
convenient prosecution business. 

Mr. refers the arcaded “Rows” Chester, England. Aside from 
their quaintness, these arcades are special interest this discussion, not 
because the traffic relief they afford, but rather because their popularity 
for business, notwithstanding that they are second story (Fig. 17), com- 
pared with that frontage the exterior sidewalk grade. 

Mr. Davison regards the “saturation point” the use the pleasure car 
impending and urges the controlling parking and the enforced use 
by-passes, while Mr. Seabury the regulation parking affording 
substantial relief. The writer does not concur the view that the use 
motor vehicles has reached its limit except where congestion has become 
pronounced that driving unpleasant, but believes that the relief the con- 
gested districts would once followed increased use motor vehicles 
such areas. the relation parking the traffic problem 


Discussion the paper Arthur Tuttle, Am. E., continued from 
November, 1924, Proceedings. 


Author’s closure. 
Chf. Engr., Board Estimate and Aportionment, New York, 
Received the Secretary, October 24, 1924. 
Proceedings, Am. Soc. E., May, 1924, 706. 
Loc. cit., 718. 
Loc. cit., 721. 
Loc. cit., 723. 
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there much confusion thought. The long continued occupancy needed 
roadway space parked car cannot condoned, but, thd other hand, the 
right stop car long enough for passengers alight would seem repre- 
sent the minimum demand. Such stoppages, particularly they are coupled 
with those incident bus service (which the writer believes must recognized 
coming serious factor the use public streets), practically destroy the 
value the traffic lane nearest the curb except for by-passing, and then only 
where the roadway insufficient for the accommodation two moving lanes 
vehicles maximum width addition those the curbs. The imme- 
diate prohibition parking would seem step drastic demand 
caution; parking essential the roadways are continue make places 
business accessible and cities attractive and thus more prosperous. 

The platoon system proposed Mr. Goodrich* ingenious device 
obtain the advantages one-way street and yet permit travel both direc- 
tions. car movement could more closely regulated, this method could 
probably adopted with advantage, but any irregularity would cause serious 
interference with cross traffic and possibly prevent its being successfully 
maintained. 

Mr. contests the claim that crowded districts the bus and taxicab 
have less objectionable effects traffic than the surface car. The stopping 
trolley forces all other vehicles moving the same direction stop, whereas 
with bus service this not the case, and, besides, the traffic lanes used trolley 
cars are shunned other classes traffic owing the continuous interruption 
movement. further support the writer’s views, attention might 
called the recent proposals made the two largest traction companies 
New York for the introduction bus lines, which requests presumably would 
not have been made except for the economic advantages this method 
transportation over the trolley. London, notwithstanding the narrowness 
the roadways, busses are considered more attractive the rider than the 
tram. This view conclusively shown the exclusion surface cars from 
the old city (although they are municipally owned), and also the fast 
growing popularity the bus service elsewhere. 

Mr. suggests what would appear common-sense procedure 
for securing adequate street width for anticipated future needs, the excess 
width over the requirements the present leased back the original 
owner rental basis sufficient not only carry the cost acquiring the 
excess width, but also partly amortize the end the rental period. The 
New York within recent years has secured legislation permitting 
similar procedure. The excess width first designated the city 
plan courtyard space, whereupon title may taken the city subject 
the condition that the original owner may retain its use for prescribed period 
common all the parcels thus designated along the line street. has 
been expected that property owners would compensated for damage the 
basis the present worth the award, this, turn, being based the 
probable value the land and buildings the time the city takes possession. 

Proceedings, Am. Soc. E., August, 1924, 898. 


Loc. cit., November, 1924, 1513. 
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Thus, was hoped that building damages particular could kept within 
reasonable limits. 

The advisability, well the legality, this procedure has been ques- 
tioned, and its operation has been limited few test cases through which 
hoped obtain conclusive evidence how the damages would 
appraised the Courts. the first these cases, buildings the property 
were actually removed the owner before the condemnation proceeding was 
completed order give way improvement more substantial charac- 
ter, and although payment for building damage was avoided, the question 
was not settled. claimed opponents the plan that the pro- 
cedure will cloud the title and thus make the land and buildings less readily 
salable. Even should the ‘method eventually come into general use, 
evident that will not solve the needs the hour where congestion requires 
immediate relief. 

Since the paper was written, the writer has made further investigations into 
the question traffic congestion and remedies, including traffic counts 
New York, and examination the Paris arcades and traffic conditions 
Paris and London. The seriousness the situation New York perhaps 
best evidenced the results timing vehicular movement within area 
extending approximately mile all directions from the intersection Fifth 
Avenue and 42d Street during the period peak-load traffic. These tests 
show speed for north and south movement, ranging from maximum 4.5 
miles per hour Fifth Avenue maximum miles per hour First 
Avenue, averaging about 7.1 miles per hour; and for east and west movement, 
ranging from 4.75 miles per hour 42d Street 6.5 miles per hour 44th 
Street, averaging about 5.7 miles per hour. the writer’s judgment, with proper 
car spacing regulated according speed and under most favorable conditions, 
not practicable move more than from 1800 vehicles per lane 
per hour. Traffic the Manhattan Bridge for 5-min. periods successive 
occasions has been observed exceed the rate 1400 vehicles per lane per 
hour without congestion, and the terminals were adequate the maximum rate 
suggested could doubtless reached. the other hand, cross-traffic inter- 
ference responsible for cutting down the capacity Fifth Avenue 
average little over 800 vehicles per hour per lane, and observed 
maximum for 5-min. periods from 1000 1100 vehicles per hour per lane. 

extreme case congestion and excess movement presented the 
viaduct over 42d Street the line Park Avenue New York. Park 
Avenue has roadway width ft.; practically all its traffic passes over the 
viaduct, which ranges width from ft. with two rectangular turns 
the corners the Grand Central Station. Traffic the viaduct the 
periods maximum intensity moves four lanes except rounding the 
corners referred where obliged divide into two lanes. the 
the rate for 5-min. periods has exceeded 000 vehicles per hour for each lane. 

Within the last few months the signal system has been extended include 
large number the north and south arterial streets, parking has been curtailed 
the congested sections, and most the east and west streets south Central 
Park have been made one-way streets. would seem that little more can 
accomplished without going beyond the limits police measures. 
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contrast the annual rate increase traffic New York, hereto- 
fore conservatively estimated the writer 15%, statistics recently furnished 
the Traffic Department the Metropolitan Police London show much 
lower rate, reaching only about 10% Hyde Park corners (the Hyde Park 
end Piccadilly, the point maximum congestion). the other hand, 
old London, there little yearly change, condition due part the lack 
street capacity and part the absence the skyscraper. There traffic 
congestion caused largely the busses, the percentage private cars being 
small comparison with the United States and averaging for England only 
about for every persons. Traffic regulation has not begun reach the 
stage obtaining New York and generally limited the policing all 
important intersections. The traffic officers are not assigned permanent 
post, nor are they retained continuously this character service the 
case here; although they are very efficient, manifest that under this system 
they cannot become expert the New York police. One-way traffic has 
long been force during certain hours congested points, and now being 
extended. The speed limited miles per hour, except congested areas, 
where miles per hour the limit. present, the situation considered 
sufficiently serious warrant investigation methods bringing 
relief. Various plans are being offered for supplementing the few wide streets 
London and attention being directed the comprehensive investigation 
made the Royal Commission London Traffic 1905, which proposed 
large number projects designed meet the needs the congested parts 
the city. The work done that time evidently failed receive support 
the ground that was too visionary. 

Paris, the narrower streets earlier days have been relieved com- 
prehensive system boulevards. With few exceptions, the traffic, which 
consists largely taxicabs, flows freely through the city with little police 
supervision and apparently the absence speed limit. some the 
narrower streets, one-way regulations are force. 

Paris probably affords the best example securing additional street 
capacity through the introduction sidewalk arcades, reference which has 
already been made the writer. Rue Rivoli forms the eastwardly exten- 
sion Champs Elysées, one the most attractive and capacious boulevards 
the world; and, although flanked each side with boulevards, has 
strategic position such make one the most important streets the 
city. The exclusive character the shops that line this street the arcaded 
section, comprising length about mile, should remove the fears frequently 
expressed the depreciation values due the arcades, particularly 
when contrasted with those the unarcaded section. Similar remarks 
values apply Rue Castiglione and Rue des Pyramides, where the sidewalks 
both sides are placed arcades. (See Figs. 18, 19, 20, 21, and 22.) 


the skyscraper areas grow, quite clear that the acquisition prop-. 


erty for new streets becomes increasingly impractical and also that each new 
building increases the traffic load. The writer’s later investigations lead him 
more strongly than ever the conclusion that for such areas the ultimate 
remedy will found arcading the sidewalks and adding the present 
sidewalk space the roadways. 
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MEMOIRS DECEASED MEMBERS 


will reproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publicaticn. 


ALEXANDER MOSBY CLAYTON BYERS, Am. Soe. E.* 
Diep 1924. 


Alexander Mosby Clayton Byers was born the family plantation called 
“Glenwood”, near Batesville, Ark., December 11, 1857, the son Judge 
William Byers, distinguished lawyer, and Emily Burton Byers. Genealogies 
both sides his family reveal the names hero ancestors who served all 
the American wars, including the Revolution. 

Mr. Byers’ education was acquired private schools Batesville, 
Arkansas College, and the University the South, Sewanee, Tenn. 
Among his instructors the latter institution were the late Gen. William 
Gorgas, Gen. Kirby Smith, and Bishop Quintard. 

Soon after the completion his education Mr. Byers started work that 
particular phase engineering which gave most his life—railway 
and maintenance. His first work was with the old Kansas City. 
Springfield and Memphis Railroad Company. Immediately thereafter, during 
parts 1879 and 1880, was engaged land surveying Texas. 

From 1881 1887, was employed the Mexican Central Railroad 
Company, successively, location, construction, and maintenance. During 
the earlier part this period, three separate occasions, while was the 
preliminary surveys, Mr. Byers covered afoot the long distance from the City 
Mexico the United States Boundary. 

For the next two years was Assistant Engineer the Railroad, 
during the French régime, under the late Ferdinand Lesseps. The failure 
the canal project 1889 seriously affected the railway, and Mr. Byers re- 
turned Mexico, where was immediately entrusted with the location and 
construction, for the Mexican Southern Railroad Company, line over 
exceedingly difficult terrain—the descent from the table-lands the tropics. 
the completion this project, rejoined the staff the Mexican Central 
Railroad Company, and served for ten years Engineer the Maintenance 
Department that line. 

From 1902 1905, Mr. Byers was engaged engineering and contracting 
work, mainly for the Dos Estrellas Mining Railroad Company the State 
Mexico, Mexico, and for the Vera Cruz and Pacific Railroad Company the 
State Vera Cruz, Mexico. Following these engagements, was Chief 
Engineer Dicha and Pacific Railroad Company. Later, became 
Superintendent Tracks, Buildings, and Water Service for the 
Tehuantepec National Railroad Mexico. 

Due the troubled state affairs Mexico, Mr. Byers returned the 
United States 1914, and practiced his profession Nevada. 1915, 
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again answered the call the tropics and went Guatemala, Engineer 
construction work and, later, during 1916 and 1917, Cuba, returning the 
United States its entry into the World War. During the war, Mr. Byers 
made valuable confidential reports the War Department. 

For two years preceding his death, ill health compelled him forego the 
active life which had been accustomed, and therefore devoted his time 
consulting work San Francisco, Calif. 

was married May 11, 1891, Emma Stinson, who survives him. 

The correspondence file left Mr. Byers reveals the keen regret his 
various employers when left their service—a most striking testimonial 
his technical ability. 

loved adventure and had traveled widely. was great hunter, and 
his reminiscences included tales buffalo shooting the plains Texas. 
intimate friend pays the following tribute: “Byers was most companion- 
able man. loved joke, saw the humor all situations, was untiring 
physically and resilient spirit. His generosity was boundless. tied 
his friends him with strong bonds”. 

Throughout his life, Mr. Byers was member the Protestant Episcopal 
Church. 

the death this kindly, talented, Christian gentleman, the Engineering 
Profession has sustained great loss. 

Mr. Byers was elected Member the American Society Civil Engi- 
neers November 1907. 


FRANK BARR KNIGHT, Am. 


Diep 12, 1924. 


Frank Barr Knight was born Worcester, Mass., February 13, 1872, 
and was graduated from Worcester Polytechnic Institute 1892, the 
Department Civil Engineering. few weeks prior his graduation 
was engaged enter the employ the Lidgerwood Manufacturing Company 
which Company was his sole employer during his professional career, from 
1892 until his death. first entered the Cableway Department Drafts- 
man and, later, was trained Cableway Erector. Mr. Knight’s work 
brought him contact with every phase cableway design, construction, 
and operation. made several improvements, notably excavating buckets 
and aerial dumping appliances. 

From 1894 1896, was charge field construction the Chicago 
Drainage Canal where many Lidgerwood cableways were used. 1908, Mr. 
Knight was made Manager the Chicago Branch the Lidgerwood 
facturing Company, which position his talents for business management 
and engineering design were conspicuous factors the success his under- 
takings. was the author several articles the subject cableways, 
notably one entitled “Mining Lime Rock.” 


Memoir prepared Spencer Miller. Am. Soc. 
Mines and Minerals, August, 1899, 
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Mr. Knight was President the National Drainage Congress which met 
Cairo, January, 1916, having specialized the study drainage 
and reclamation projects, well equipment for construction and excavation. 

was Thirty-Second Degree Mason and member Kismet Temple, 
Brooklyn, was member the Union League Club and the 
Engineers Club Chicago, the Western Society Engineers, and the 
Machinery Club New York, 

died suddenly heart failure October 12, 1924, his residence 
Highland Park, Ill. For great many months Mr. Knight had been 
poor health, although was able attend his business duties the last. 

survived his wife, only son, Frank Burrows Knight, and the 
host friends whom had attracted his genial and generous nature. 

Mr. Knight was elected Associate Member the American Society 
Civil Engineers September 1901, and Member September 1912. 


CHARLES OSCAR McCOMB, Am. Soe. E.* 


Diep 27, 1924. 


Charles Oscar McComb, the son Oscar and Isabel Tuck McComb, was 
born New York, Y., October 1859. His education was acquired 
that city and Brooklyn, Y., chiefly private schools. 

His first professional engagement was with the Pennsylvania Railroad 
Company, and from 1880 1884, was employed the Engineering Depart- 
ment the Erie Railroad Company. 1884, engaged private practice 
Bloomfield, J., serving Engineer for that village 1885 and 1886. 
During part 1886 and 1887, was Assistant Engineer with the Carthage 
and Adirondack Railroad Company, which, after brief service with the 
Lehigh and Schuylkill Haven Railroad Company, returned Principal 
Assistant Engineer. 

1889, Mr. McComb became Engineer and Superintendent the Mag- 
netic Iron Ore Company, which position left become associated with the 
firm Hinds and Bond, Engineers and Contractors, charge the con- 
struction and operation water-works Chatham, Ont., Canada, until 1892. 
that year, resumed his private practice Carthage, designed 
and built water-works and sewerage systems for number cities villages 
Northern New York, water-power developments the Black, Oswegatchie, 
and Grass Rivers, and relocated part the Gouverneur and Edwards Railroad. 
1894, became City Engineer Watertown, Y., and, 1898, also 
Engineer the Water Board that city. From that time until 1904, con- 
siderable paving, sewer construction, and Jarge bridge work was done under 
his direction. 

Mr. McComb relinquished this position become Division Engineer 
the State New York, with headquarters Syracuse. During his occupancy 
this office, had charge both canal and highway work. Foreseeing the 
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great expansion highway construction, entered this field contracting 
his own account 1907, and was immediately successful. This occupa- 
tion was continued until his death, except for the interruption the World 
War period, when road building was suspended. During this time, was 
engaged Chief Engineer for the contractor the construction the Hous- 
ing Project Watertown, Y., under the Housing Bureau the United 
States Department Labor. 

Mr. McComb had agreeable and pleasant personality which gained him 
many friends, his scrupulously honorable and conscientious character enabling 
him retain them through life. was loyal member the Protestant 
Episcopal Church and, politics, the Republican Party. 

1890, Mr. McComb was married Caroline Benton, Adams, Y., 
who survives him. 

Mr. McComb was elected Member American Society Civil Engi- 
neers May 1900. 


LOCKE McINDOE PERKINS, Am. E.* 


Diep 1924 


Locke McIndoe Perkins, the son Marsh Olin and McIndoe Perkins, 
was born Windsor, Vt., November 20, 1879. entered Dartmouth 
College 1897, from which received the degree Bachelor Science 
1901, and the degree Civil Engineer (Thayer School) 1903. 

Beginning April, 1908, Mr. Perkins served the Northern Pacific 
way Company Rodman and Instrumentman the construction new 
terminals Seattle, Wash., for two years. April, 1905, was promoted 
the position Resident Engineer the construction the Sykeston 
Branch Extension, and few months later was again promoted and transferred 
Duluth, Minn., Assistant Engineer Charge Maintenance the 
Lake Superior Division. November, 1906, returned the Construction 
Department Assistant Engineer second-track line and grade revision 
between Garrison and Missoula, Mont., and the relocation the White Pine 
Hill Line. April, 1907, was promoted the position Division En- 
gineer, charge maintenance the Northern Pacific, Lines East 
Mandan, Dak. February, 1910, was made Engineer, Maintenance 
Way, all Lines East Paradise, Mont., general charge mainte- 
nance and construction work, and June, 1911, was transferred Tacoma, 
Wash., Engineer, Maintenance Way, all Lines West Paradise. 

During this period, Mr. Perkins had general charge the construction 
new terminals and yards Parkwater, Pasco, Auburn, Centralia, and 
Seattle (Hanford Street), Wash., well number yard extensions, 
depots, addition general supervision all maintenance work. 

August, 1918, Mr. Perkins was made Corporate Engineer, charge 
the interests the Northern Pacific Railway Company matters main- 
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tenance and construction during the period Federal Control. this 
capacity, assisted establishing number important fundamental prin- 
ciples used basis for the general settlements, between the Government and 
the carriers, the claims arising from Federal Control and the Guaranty 
Period. 

March, 1920, was made Assistant the Chief Engineer, and 
January, 1921, was promoted the position Executive Assistant the 
President, continuing this office until his death. 

Mr. Perkins possessed unusual degree the keen, analytical mind nec- 
essary for the successful engineer. His fair and considerate dealing with his 
subordinates and with the many departments the Railway endeared him 
all his associates, 

private life, his kindly disposition and tactfulness made him host 
friends and leader movements for civic betterment. was particularly 
interested helping the working boy improve his position; assisted 
organizing and acted one the first leaders the Northern Em- 
ployed Boys Club. 

February 11, 1908, Mr. Perkins was married Ruth Roberts, Devils 
Lake, Dak., who, with three sons, Locke, Donald, and Marsh, and one 
daughter, Ruth, survives him. 

was member the St. Paul Athletic Club, the Town and Country 
Club, the Benevolent Protective Order Elks and the Masonic Fraternity. 


Mr. Perkins was elected Member the American Society Civil En- 
gineers September 1919, and was prominent the activities the 
Northwestern Section. 


PROCEEDINGS 


the 
the 


nec- 


American Society 


him 


e e e 

Civil Engineers 

one 


(INSTITUTED 1852) 
untry 
rnity. 
En- 


PAPERS AND DISCUSSIONS 


JANUARY DECEMBER, 1924 


NEW YORK: 
PUBLISHED THE SOCIETY 


1924 


j 
thi 
q 
; 
um 
7 
4 
Gg 
1 
BY. 
= 


Entered according Act Congress, the year 1924, the CIVIL 
ENGINEERS, the office the Librarian Congress, Washington. 


Society not responsible for any statement made opinion expressed 
its publications. 


VOL. 


SUBJECT INDEX 


Addresses 
“Address the Annual Convention Pasa- 
dena, June 18, 1924.” Grunsky. 


Arches 

“Design Symmetrical Concrete 
Charles Whitney. 1327. 

“Improved Type Multiple-Arch 
Discussion: McC. Beanfield, Laurence 
Harza, Standish Hall, 218; 

William Creager, Fred 
296. 

“Reactions for Particular Type Un- 
symmetrical Arch.” Discussion: Carl 
Andrews. 503. 

“Stresses Multiple-Arch Dams.” Dis- 
cussion: Jakobsen. 63. 

“The Analysis the Stresses the Ring 
Concrete Skew Arch.” Charles 
Rathbun. 133. Discussion: Almon 
Fuller, Edward Godfrey, 559; 
Sanford Peck, Charles Rathbun, 

“The Design Multiple-Arch System 
and Permissible Simplifications.” 
Janni. 755. Discussion: Charles Rath- 
bun, 1315; Steinman, George Paas- 
well, Edward Godfrey, Harder, 
1516; Hardy Cross, Harold Ham- 
mill, 

Barges 

“Waterway and Railway 
William Black. 837. Discussion: 
Grunsky. 1596. 

Beaches 
See Shore Protection. 
Beams 


239. 


Breakwaters 

“Ocean Beach Esplanade, San Francisco, 
California.” Discussion: Lynn Perry, 
223; Lewis Haupt, 351; Charles 
Leeds, 526; Charles Evan Fowler, 
O’Shaughnessy, 653. 

Bridges 

Report Specifications for Design 
and Steel Highway 
Bridge Submitted 
Special Committee Specifications for 
Bridge Design and Construction. 265. 

“Proposed Loading for Highway 
Discussion: Garver, Harold 
Hussey, 291. 

“Secondary Stresses Cecil Vivian 
von Abo. 969. Discussion: Am- 
mann, William Cain, Almon Fuller, 
Bahjejian, 1600. 

“Tentative Specifications for Steel High- 
way Bridge Superstructure.” Submitted 
Progress Report the Special 
Committee Specifications for Bridge 
and Construction. Discussion: 

Carpenter, Henry Seaman, 89; 
Charles Evan Fowler, James French, 
Macintyre, Jasper Draffin, 
Henry Troelsch, 329. 

“The Secondary Effect Certain Impor- 


Without Lateral Support.” Timo-. 


tant River Local Transit Con- 
ditions.” John Miller, Jr. 389. Dis- 
Charles Evan Fowler, 
man, Lewis, Kennard Thomson, 
863: Keith, Ole Singstad, 
1124; John Miller, 1303. 


Buttresses 
“Improved Type Multiple-Arch Dams.” 
Discussion: McC. Beanfield, Laurence 
Waller, Evan Fisher, Linden, 
58; Harza, Standish Hall, 218; 
Cotten, William Creager, Fred 
Noetzli, 296. 
“Stresses Multiple-Arch Dams.” Dis- 
cussion: Jakobsen. 63. 
Canals 
All-American Canal. 
Cement 
“The Disintegration Sea 
Discussion: John Stephen 


813, 1440. 


son, 47. 
City Planning 

“Increasing the Capacity Existing 


Streets.” Arthur Tuttle. 593. Dis- 
cussion: Harvey Corbett, Hill, 
Jacob Crane, Jr., Harland Bartholo- 
mew, Kennard Thomson, 
Crosby, George Davison, George 
Seabury, 706; Goodrich, John 
Miller, Jr., 898; William Lyle, 1129; 
Arthur Tuttle, 
Coast 

“Beach Erosion: Its Causes and Cure.” 
Henry Clay Ripley. 13. Discussion: 
Charles Staniford, Victor Gelineau, 
Dent, Merton Collins, Charles 
Riché, Henry Sherman, 529; 
Henry Clay Ripley, 657. 

“Ocean Beach Esplanade, San Francisco, 
California.” Discussion: Lynn Perry, 
223; Lewis Haupt, 351; 
Leeds, 526; Charles Fowler, 
O’Shaughnessy, 653. 

Concrete 

the Joint Committee Stand- 
ard Specifications for and Rein- 
forced 

“The the Stresses the Ring 
bun. 133. Discussion: Almon Fuller, 
Edward Godfrey, 559; Beyer, 
Sanford Peck, Charles Rathbun, 679. 

“The Disintegration Cement Sea 
Johnson, 47. 

See Ocean Currents. 
Dams 

“Improved Type Multiple-Arch 
Discussion: McC. Laurence 
58; Harza, Standish Hall, 218; 
Cotton, William Creager, Fred 
296. 

“Stresses Multiple-Arch Dis- 
cussion: 


Jakobsen. 63. 


ng 
iL 
2 
fi 
ra 
os 


4 


1622 


Docks 
“Report Special Committee Consider 


the Report Made the National Fire 
Protection Association Fire 
Hazard Piers and 
Discussion: William Atwood. 565. 


Domes 
“Analytical Solution Masonry 
David Coyle. 401. Discussion: 


Charles Whitney, William Cain, 874; 
David Coyle, 1306. 
Draft-Tubes 

“Comparative Tests Experimental ——.” 
Discussion: Lynn Perry, Hage- 
man, Dunn, Clarence Weston, 
845; William Rheingans, Lewis 
Moody, Birchard Taylor, Rob- 
508; John Freeman, Clemens 
Herschel, Scheidenhelm, Richard 
Hale, 646. 

Drainage 

“The Distribution Intense Rainfall and 
Some Other Factors the Design 
Storm Water Frank Mar- 
ston. 19. Discussion: Kenneth Allen, 
George Hammond, Tribus, Will- 
iam Lyle, Adolph Meyer, 
Horner, Allen Hazen, 543; Robert 
Horton, Frank Marston, 660. 


Economics 
“The Hydro-Electric Development.” 
Daniel Méad. 417. Discussion: 
Harza, Harry Hageman, Dunn, 
Charles Hawley, Lee, Brent 
Drane, 881; Daniel Mead, 1309. 


Electric Power 

“The Economics Devel- 
opment.” Daniel Mead. 417. Dis- 
man, Dunn, Charles Hawley, 
Lee, Brent Drane, 881; Daniel 
Mead, 1309. 

“The Interconnected Power Systems the 
Southeast.” Charles Adsit. 1286. 
Discussion: Joseph Hyde Pratt, William 
Hammond, Dana Wood, 1527; 
George Orrok, 1598. 


Engineering 
“Historical Notes Engineers and 
Activities Address the 
Annual Pasadena, Cali- 
fornia, June 18, 1924. Grunsky. 
743. 
Erosion 

“Beach Causes and Cure.” 
Henry Clay Ripley. 13. Discussion: 
Charles Staniford, Victor Gelineau, 
Dent, Merton Collins, Charles 
Riché, Henry Sherman, 529; Henry 
Clay Ripley, 657. 

“Ocean Beach Esplanade, San Francisco, 
California.” Discussion: Lynn Perry, 
223; Lewis Haupt, 351; Charles 
Leeds, 526; Charles Evan Fowler, 
Shaughnessy, 653. 

“The River and Harbor Problems the 
cussion: Matthes, 83; Hubert 
Engels, Edward Burr, Charles 
Davis, Henry Clay Ripley, 311. 

Fire Protection 

“Report Special Committee Consider 
the Report Made the National 
Association the Fire Hazard Docks, 
Piers and Wharves.”’ Discussion William 
Atwood. 565. 

Floods 
Flow 


Jarvis. 


1545. 
“The Colorado River Problem.” William 
Kelly. Discussion: Allison, 


SUBJECT INDEX 


Smith. 1436. 


Frederick 
Arthur Davis, 
Weymouth, 
Foundations 
“Progress Report the Special Committee 
Codify Present Practice the Bear- 
ing Value Soils for ete. Dis- 
Jacob Feld, Herbert Chatley. 
Geology 
the Desert Region Cen- 
tral Charles Berkey. 606. 
Girders 
“Beams Without Lateral 
Timoshenko. 239. 


Grades 
“Analysis Railroad 


for Classifica- 


tion.” Vilar Boy. 255. 
Groynes 
See Shore Protection. 
Harbors 


“The Railways’ Part the Development 
Hampton Roads.” Discussion: 


122. 
Highways 
“Highway Research Illinois.” Clifford 
Older. 175. Discussion: Clem- 
mer. 861. 


See also Pavement: Roads. 


Hydraulic Laboratories 
The need National hydraulic labora- 
tory. 311. 
Hydraulics 
See Water, Flow of. 
Hydro-Electric Power Plants 
See Power Plants. 


Irrigation 


“The Colorado River William 
Kelly. 795. Discussion: Allison, 


Levees 


the Colorado River. 797. 
Memoirs 
Alden, Herbert Clarendon. 230. 


Ayres, Rowan. 737. 
Bachert, Augustus Ellsworth. 231. 


Bacon, James Hayward. 
William Henry. 373. 
Bandy, James Marcus. 381. 


Bardury, Juan Batiste Hipolyte. 960. 
Barnsley, George Thomas. 233. 
Bergengren, Fritz Carl Anders Georg. 382. 
Bogart, John. 

Britt, Dudley Digges. 566. 

Brown, Thomas Ellis. 567. 

Bullock, William Dexter. 929. 

Burns, Clinton Sumner. 931, 

Bush, Leonard. 
Byers, Alexander Mosby Clayton. 
Byllesby, Henry Marison. 1137. 
Carr, Albert. 1534. 

Colby, Albert Ladd. 1139. 
Corthell, Arthur Bateman. 
Cothran, Thomas White. 
Cunningham, James Henry. 732. 
Cushing, Edward Benjamin. 1319. 
Dalton, 733. 

Daniels, Thomas Remington Holden. 
Dart, Justus Vinton. 933. 

Ellis, Samuel Clarence. 234. 
Ferry, Charles Addison. 1535. 
Fox, Alvin Bartholdi. 586. 
Francis, Walter Joseph. 935. 
Fuller, William Barnard. 
Giddings, Frederick. 235. 
Gillette, Lewis Singer. 1322. 
Greene, George Sears, Jr. 937. 
Hamilton, John 941, 
Hayes, Edmund. 


1141. 
124, 


1616. 


1321. 


| 
q 


ue, 


Rue, 


60. 
382. 


1616. 


1321. 


SUBJECT INDEX 


Healy, John Paul. 1540. 

Hering, Rudolph. 570. 

Hunter, Walter Gladden. 125. 

Jones, Howard Murfree. 943. 

Judson, William Voorhees. 1143. 

Juengst, William George. 962. 

Kalberg, Swan August. 963. 

Kenney, Harry Willey. 587. 

Kerr, Frank Montgomery. 1536. 

Kimball, George Albert. 126. 

Kinne, George Whitney. 383. 

Knight, Frank Barr. 1617. 

Lathbury, Benjamin Brentnall. 734. 

Lawrie, James Albro. 1538. 

Little, Charles Newton. 374. 

McCann, Thomas Henry. 575. 

McComb, Charles Oscar. 1618. 

Miller, Edward Thomas Every. 128. 

Miller, Hiram Allen. 45. 

Mills, Hiram Francis. 226. 

Olbrich, Emil Robert. 1324. 

Olds, Clark. 

Parker, Adelbert Franklin. 376. 

Patton, William Baird. 578. 

Perkins, Locke McIndoe. 1619. 

Pierce, Leslie Edward. 589. 

Pitzman, Julius. 1147. 

Powell, Archibald Olin. 948. 

Rapp, Philip. 385. 

Reasoner, Richard Barclay. 588. 

Reineking, Victor Herman. 377. 

Rockwell, Samuel. 580. 

Ross, Andrew Francis. 738. 

Ross, James George. 949. 

Sanders, William Horatio. 950. 

Sawyer, Walter Howard. 1539. 

Scott, James Robinson, Jr. 582. 

Slayback, Clint Sanford. 952. 

Spalding, Frederick Putnam. 953. 

Strothman, Louis Edward. 

Thomas, Benjamin Franklin. 583. 

Tomlinson, Daniel Anderson. 1541. 

Wadsworth, Henry Hayes. 955. 

Weeks, Gaylord 

Winston, Isaac. 380. 

Wulff, Eberhard John. 

Young, Frederick Charles. 959. 
Meteorology 

“Periodic Fluctuations Rainfall 

Discussion: Frederic Wins- 


low, 110; Standish Hall, 343; Joel 
Cox, 505. 
Ocean Currents 
Effect beach erosion. 14. 
Paleontology 


“Explorations the Desert Region Cen- 

tral Asia.” Charles Berkey. 606. 
Pavement 

“Highway Research Illinois.” Clifford 
Older. 175. Discussion: Clem- 
mer. 861. 

Pittsburg, Calif., test road. 476. 

“Researches the Structural Design 
Highways the United States Bureau 
Public Roads.” Goldbeck. 453. 
Discussion: Prévost Hubbard, 728; 
Jacob Feld, 895; Woodle, 1511. 

Piers 
See 
Power Plants 

opment.” Daniel Mead. 417. Dis- 
cussion: Harza, Harry Hage- 

Lee, Brent Drane, 881; Daniel 
Mead, 1309. 

“The Interconnected Power Systems the 
Southeast.” Charles Adsit. 1286. 
Discussion: Joseph Hyde Pratt, William 

Hammond, Dana Wood, 1527; 
George Orrok, 1598. 
Precipitation 
See Rainfall. 


1623 


Probabilities, Theory 
Discussion: Frederic Wins- 


low, 110; Standish Hall, 343; Joel 
Cox, 
Railroads 


“Analysis Railroad Grades for Classifi- 
cation.” Vilar Boy. 

“Railroad Transportation and Railroad 
Terminals”: Symposium. Discussion: 
Roney. 

“The Railways’ Part the Development 
Faucette, 


Rainfall 

Discussion: Frederic Winslow, 110; 
Standish Hall, 343; Joel Cox, 505. 

“The Distribution Intense and 
Some Other Factors the Design 
Storm Drains.” Frank Mar- 
ston. 19. Discussion: Kenneth Allen, 
George Hammond, Tribus, Will- 
iam Lyle, Adolph Meyer, 
Horner, Allen Hazen, 543; Robert 
Horton, Frank Marston, 660. 


Reports Committees 

“Progress Report the Special Commit- 
tee Codify Present Practice the 
Bearing Value Soils for Foundations,” 
etc. Discussion: Jacob Feld, Herbert 
Chatley. 114. 

“Report Special Committee Consider 
the Report Made the National Fire 
Protection Association the Fire 
Hazard Docks, Piers, and 
Discussion: William Atwood. 565. 

the Joint Committee Stand- 
ard Specifications for Concrete and Rein- 
forced Concrete.” 1153. 

“Tentative Specifications for Steel Highway 
Bridge Submitted 
Progress Report the Special Com- 
mittee Specifications for Bridge De- 
sign and Construction. Discussion: 
Sanford, Ammann, Timoshenko, 
Carpenter, Henry Seaman, 89; 
Charles Evan Fowler, James French, 
Macintyre, Jasper Draffin, 
Henry Troelsch, 329. 

Retaining Walls 

Beach Esplanade, San Francisco, 
Discussion: Lynn 
223; Lewis Haupt, 351; Charles 
Leeds, 526; Charles Evan Fowler, 
Shaughnessy, 653. 

Rivers 

“The Colorado River Problem.” William 
Weymouth, Smith. 1436. 

“The River and Harbor Problems the 
Lower Symposium. Dis- 
cussion: Matthes, 83; Hubert 
Engels, Edward Burr, Charles 
Davis, Henry Clay Ripley, 311. 

Roads 

“Highway Research Illinois.” Clifford 
Older. 175. Discussion: Clem- 
mer. 861. 

“Researches the Structural Design 
Highways the United States Bureau 


Discussion: Prévost Hubbard, 
Jacob Feld, 895; 1511. 
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“The Distribution Intense Rainfall and 
Some Other Factors the Design 
Storm Water Drains.” Frank Mar- 
ston. 19. Discussion: Kenneth Allen, 
George Hammond, Tribus, Will- 
iam Lyle, Adolph Meyer, 
Horner, Allen Hazen, 543; Robert 
Horton, Frank Marston, 660. 


Sanitation 

Its Relation Health and Life.” 
George Whipple. 490. Discussion: 
Russell Suter. 729. 

“The Present Status Sanitary Engineer- 
ing: Suggestions for Objects and Aims 
the Sanitary Engineering Division.” 
Harrison Eddy. 


Sea 
See Retaining Walls. 


Septic Tanks 

“Imhoff Tanks—Reasons for Differences 
Behavior.” Harrison Eddy. 616. Dis- 
cussion: George Hammond, John 
Skinner, John Downes, David 
Hartwell, 901; Morris Cohn, 1132; 
Learned, Karl Imhoff, 1500. 

Sewage Disposal 

“Imhoff Tanks—Reasons for Differences 
Behavior.” Eddy. 616. 
Discussion: George Hammond, John 
Skinner, John Downes, David 
Hartwell, 901; Morris Cohn, 1132; 
Learned, Karl Imhoff, 1500. 

Sewerage 

“The Distribution Intense Rainfall and 
Some Other Factors the Design 
Storm Water Frank Mar- 
ston. 19. Discussion: Kenneth Allen, 
George Hammond, Tribus, Will- 
Horner, Allen Hazen, 543; Robert 
Horton, Frank Marston, 660. 

Shore Protection 

Erosion: Its Causes and 
Henry Clay Ripley. 13. Discussion: 
Charles Staniford, Victor Gelineau, 
Dent, Merton Collins, Charles 
Riché, Henry Sherman, 529; 
Henry Clay Ripley, 657. 

“Ocean Beach Esplanade, San Francisco, 
California.” Discussion: Lynn Perry, 
223; Lewis Haupt, 351; Charles 
Leeds, 526; Charles Evan Fowler, 
O’Shaughnessy, 653. 

Skew Arches 

See 

Soils 

“Progress Report the Special Committee 
Codify Present Practice the Bear- 
ing Value for Foundations, 
Discussion: Jacob Feld, Herbert 

Chatley. 114. 

“Researches the Structural Design 
Highways the United States Bureau 
Public Roads.” Goldbeck. 453. 
Discussion: Prévost Hubbard, 728; 
Jacob Feld, 895; Woodle, 1511. 

Spillway 

“The Hydraulic Design the Shaft 
for the Davis Bridge Dam and Hydraulic 
Tests Working Discussion: 
Jakobsen, 561; Allen Hazen, Karl 
Dunham, Eugene Halmos, Charles 
Comstock, 671; Scheidenhelm, 
Gutmann, 1118; Ford Kurtz, 1426. 

Stream Flow 
See Water, Flow of, Open Channels. 
Streets 

“Increasing the Capacity Existing 

Arthur Tuttle. 593. Discussion: 
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Harvey Corbett, Hill, Jacob 
Crane, Jr., Harland Bartholomew, 
Kennard Thomson, Crosby, 
George Davison, George Seabury, 
706; Goodrich, John Miller, 
Jr., 898; William Lyle, 1129; 
Janni, 1311; Grunsky, 1513; 
Arthur Tuttle, 1606. 
Stress 

“Improved Type Multiple-Arch Dams.” 
Discussion: McC. Beanfield, Laurence 
Waller, Evan Fisher, Linden, 
58; Harza, Standish Hall, 218; 
Cotten, William Creager, Fred 
Noetzli, 296. 

Vivian von Abo. 969. 
Ammann, William Cain, Almon 
Fuller, Bahjejian, 1600. 

cussion: Jakobsen. 63. 

“The Analysis the Stresses the Ring 
Concrete Skew Arch.” Charles 
Rathbun. 133. Discussion: Almon 

Edward Godfrey, 559; 

Sanford Peck, Charles Rathbun, 
Traffic 

“Increasing the Capacity 
Arthur Tuttle. 593. Dis- 
cussion: Harvey Corbett, Hill, 
Jacob Crane, Jr., Harland Bartholo- 
mew, Kennard Thomson, 
Crosby, George Davison, George 
Seabury, 706; Goodrich, John 
Miller, Jr., 898; William Lyle, 1129; 
Janni, 1311; Grunsky, 1513; 
Arthur Tuttle, 1606. 

“The Secondary Effect Certain Impor- 
tant River Bridges Local Transit 
John Miller, Jr. 389. 
Discussion: Charles Evan Fowler, 
Weir, Herman Smith, Steinman, 
Lewis, Kennard Thomson, 863; 
Herbert Keith, Ole Singstad, 1124; 
John Miller, Jr., 1303. 

Transportation 

“Railroad and Railroad 


“The Part the Development 


Hampton Roads.” Discussion: 
Faucette. 122. 

“The Secondary Effect Certain Impor- 
tant River Bridges Local Transit 
Conditions.” John Miller, Jr. 389. 
Charles Evan Fowler, 
Weir, Herman Smith, Stein- 
man, Lewis, Kennard Thom- 
son, 863; Herbert Keith, Ole Singstad, 
1124; John Miller, Jr., 1303. 

“Waterway and Railway 
William Black. 837. Discussion: 
Grunsky. 1596. 

Trusses 


“Secondary Stresses Bridges.” 
Vivian von Abo. 969. Discussion: 
Ammann, William Cain, Almon 
Fuller, Bahjejian, 1600. 
See also Bridges. 
Turbines (Water) 
“Comparative Tests 
Draft-Tubes.” Discussion: Lynn Perry, 
Weston, 345; William Rheingans, 
Lewis Moody, Birchard Taylor, 
Lindley, 508; John Freeman, Clemens 
Herschel, Scheidenhelm, Richard 
Hale, 646. 
Water, Flow of, Open Channels 
Maximum and minimum variation aver- 
age stream flow from mean record. 427. 
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Water, Flow of, Over Dams and Weirs 

“The Hydraulic Design the Shaft Spill- 
way for the Davis Bridge Dam and 
Hydraulic Tests Working Models.” 
Gouriey, Jakobsen, 561; Allen 
Parsons, Dunham, Eugene 
Halmos, Charles Comstock, 671; 
852; Lane, Gutmann, 1118; 
Ford Kurtz, 1426. 

Water Power 

“The Colorado River Problem.” William 
Kelly. 795. Discussion: Allison, 
Weymouth, Smith. 1436. 

“The Economics Hydro-Electric Devel- 
opment.” Daniel Mead. 417. Dis- 
cussion: Harza, Harry Hage- 
man, Dunn, Charles Hawley, 
Lee, Brent Drane, 881; Daniel 
Mead, 1309. 

“The Interconnected Power Systems the 
Southeast.” Charles Adsit. 1286. 
Discussion: Joseph Hyde Pratt, William 
Hammond, Dana Wood, 1527; 
George Orrok, 1598. 


Water Supply 
——of the Colorado River. 816. 


Waterways 
“Waterway and Railway 
William Black. 837. Discussion: 
Grunsky. 1596. 
See also Canals: Harbors: Rivers. 


Waves 
Wave action relation beach erosion. 
13. 
See also Shore Protection. 


Wharves 
“Report Special Committee Consider 
the Report Made the National Fire 
Protection Association the Fire 
Hazard Docks, Piers and 
cussion: William Atwood. 565. 


Wheel Loads 

“Highway Research Clifford 
Older. 175. Discussion: Clem- 
mer. 861. 

“Proposed Loading for Highway Bridges.”’ 
Discussion: Garver, Harold 
Hussey. 291. 

“Researches the Structural Design 
Highways the United States Bureau 
Public Roads.” Goldbeck. 453. 
Discussion: Prévost 728; 
Jacob Feld, 895; Woodle, 1511. 

Typical wheel loadings for highway 
bridges. 269. 
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GEORGE DAVISON LINCOLN BUSH 
ANSON MARSTON OSCAR BOWEN 


Assistant Secretary, BEAM 
Preasurer, OTIS HOVEY 


Directors 
Term expires January, Term expires January, 1926: Term expires January, 1927: 
JOHN CHESTER. THEODORE CONDRON ALEXANDER MAITLAND, 
ARTHUR DYER GEORGE MASON HOWE 
JOSEPH YATES GEORGE FENKELL ROBERT FARNHAM 
WALTER HUBER CHARLES THADDEUS MERRIMAN 
Past-Presidents, Members the Board; 
CURTIS 
JOHN FREEMAN CHARLES LOWETH 
ARTHUR DAVIS GEORGE: WEBSTER 


Secretary Emeritus, CHARLES WARREN HUNT 


STANDING COMMITTEES 
(THE PRESIDENT THE SOCIETY ALL COMMITTEES) 

COMMITTEE: Charles Loweth, Lincoln Bush, Webster; Frank 

TECHNICAL ACTIVITIES AND Yates, Thaddeus Merriman, John 

Paul, George Webster. 

Horton, Thaddeus Merriman, Schmitt, Talbot, Turneaure. 

Honorary Charles Loweth, Oscar Bowen, Lincoln Bush, 
Curtis, Arthur Davis, George John Freeman, Grunsky, Anson 
Marston, George Webster. 

Marston, Whitman. 


SPECIAL 


Cummings, Walter Haines, Allen Hazen, James Meem, George 

Reichmann, Safford, Earl Stimson, Turneaure, Willoughby. 

hart, Edward Lee, Hunter McDonald, George Pegram, Henry Quimby. 

Fowler, John Millis, Snyder, Wing; Isami Hiroi, Mikishi 
Abe, Hyotaro Inagaki, Masayoshi Kabashima, Shiraishi. 

Gibbs, George Kittre@ge, Pearson, Samuel Rea, Robert Ridgway. 

rneaure, 

choder. 

Taylor, 

ALFRED NOBLE Samuel Rea, Bion Arnold, Onward Bates, 
Vipond Davies, George Gibbs, William Harts, Hedges, Lieb, Newell, 


Secretary died 29, 1924. 


Appointed Director April 1924, fill the vacancy caused the resignation 


Direetor Holland died October 27, 1924. 
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AMERICAN SOCIETY CIVIL ENGINEERS 


COMING MEETINGS 


BOARD DIRECTION MEETINGS 
19-20, 1925: 
Quarterly Meeting will held New York, 


MONTHLY 
December 10, 1924: 
8:00 business the ‘Society will 
entitled Waterway and Railway will pre- 
sented for discussion. This paper was published Proceedings 
for August, 1924. 


ANNUAL MEETING, NEW YORK, 


January 21, 22, and 23, 1925: 
Sev Annual the Society. 
January 21, 1925: 
9:00 M.—Social Hour. 
Prizes for Papers. 
2:30 and Discussion Committee Reports. 
7:30 Reception and Dinner Dance. 
January 22, 1925: 
9:00 M.—Social Hour. 
8:00 M.—Address and Smoker. 


January 23, 1925: 
All-Day Excursion. 


The Reading Room the Society open from every day, except 
Sundays, New Day, Washington’s Birthday, Memorial Day, Fourth 
July, Thanksgiving Day, Christmas during July and 


Members, particularly those from out town, are cordially invited use this room 
their visits New York, have their mail addressed there, and utilize 
place for There file 260 current periodicals, the 
latest technical books, and the room well supplied with writing tables. 
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